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Conjunctive and Disjunctive Thinking in Children! 


CATHERINE E. Snow AND M. Sam RABINOVITCH 
McGill University 


In light of the finding (Bruner et al., 1956) that disjunctive concepts are 
more difficult for adults than conjunctive concepts, a developmental study 
of the relative difficulty of conjunctive and disjunctive concepts was carried 
out, Five groups of children, ranging in age from 5 years to 13 years, were 
tested on logically equivalent conjunctive and disjunctive concepts. It was 
found that children of all ages make more errors on disjunctive than con- 
junctive tasks. The strategies used for conjunctive tasks were more ap- 
propriate at all age levels. Because of the fact that the difference in diffi- 
culty is quite constant over the age groups, it was concluded that some 
aspect of conjunctive groupings is more natural. As a result, they occur 
more frequently and there is greater opportunity to learn to reason 
correctly about them. 


It has been reported that normal adult Ss have much more difficulty 
learning disjunctive concepts than conjunctive concepts of equivalent 
logical difficulty (Bruner, Goodnow, and Austin, 1956). At the same time 
it was observed that the strategies used in disjunctive tasks were for the 
most part completely inappropriate, and were in fact the very same 
strategies that are correctly used with conjunctive tasks. Adults have a 
bias toward thinking conjunctively, even when they know they are not 
dealing with conjunctive problems. Conjunctive concepts are defined ав 
those where positive instances display all the values named by the con- 
cept. Positive instances of disjunctive concepts, on the other hand, need 
display only one of the values named by the concept, Two different hy- 


' potheses have been suggested to account for the greater difficulty of dis- 


junctive concepts. The first is that conjunctive concepts are more com- 
mon in everyone’s thinking and are easier to talk about, and 80 
strategies for thinking about them are more practiced and become better 
learned. The second hypothesis is that disjunctive concepts are in- 
herently more difficult, or psychologically complex, because the human 
brain is not built to think disjunctively. 


"This report is based on an M.A. thesis submitted to the Department of Pay- 
chology, McGill University, by the senior author, a National Science Foundation 
graduate fellow. 


We express our gratitude to St. George's School of Montreal and the Ws t 
Y.M.C.A. for their help in making subjects available, Psyl. Kes soré 
1 f toni & rs 
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This was done only to direct the child’s attention to the task of finding 
a rule. If the choice was incorrect, the E told the S he was wrong, and 
asked if he knew why. Then the сага was replaced in its correct pile 
before the S went on. The Ss were allowed to look through previous 
choices whenever they wished. After the S was finished with each deck of 
cards, he was asked to state the correct rule, if he could. 

The E recorded the order in which the cards were chosen, the errors, 
and the reason given. Ап attempt to measure how competently the S 
was approaching the task was made by specially noting the first card 
chosen. The ideal choice, in view of the S's two aims of avoiding mis- 
takes and discovering the rule, is to choose a card which differs from the 
illustrative card (chosen by the E) in only one attribute, and to place it 
in the same group as the illustrative card. A card different from the 
illustrative вага in only one attribute out of a possible four or five is 
most likely to belong in the same group as the illustrative card. This 
choice, then, is least likely to be a mistake. If it is a mistake, however, 
it is still valuable because it then provides the information that the 
changed attribute is relevant, and the S, if he uses this information, 
knows half the rule. 


RESULTS 


The principle measure taken was the number of errors committed dur- 
ing the task, that is, the number of cards originally placed in the incor- 
rect group. The errors for the two disjunctive tasks were summed, as 
were the errors for the two conjunctive tasks, to obtain one score for 
each S on each task. An analysis of variance was performed on the 
scores. The results of this test are given in Table 2. 

It can be seen from Table 2 that the difference between the con- 
junctive and disjunctive tasks is significant, and that the age difference 
is significant. The lack of interaction between age and task indicates 
that the disjunctive task is harder at all ages, and thus fails to support 
the hypothesis that the disjunctive task becomes increasingly harder 
with age. Sa 

The magnitude of the differences can be seen in Fig. 1. It is quite 
striking that the differences in difficulty between conjunctive and dis- 
junctive tasks are almost constant for all ages, except for the convergence 
at the youngest age group. Since there is no significant age by task in- 
teraction, it would be risky at this stage to think of this convergence as 
anything other than random variation. ў EM. 

A second measure, a reflection of the logie used in approaching. | | 
two tasks, is the appropriateness OF inappropriateness of the Hn 
choice of cards in each task by each S. 1f the ideal initial choice is made 
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TABLE 2 
ANALYSIS OF VARIANCE ОЕ Error SCORES 
‘Source of variation ss df MS F 
Between Ss 
Age 332.98 4 83.25 10.30 p < .01 
Sex .37 1 :37 — 
Age X sex 36.65 4 9.16 — 
Ss within groups 703.01 87 8.08 
Within Ss 
Task 79.26 1 79.26 15.33 p < .01 
Age X task 16.01 4 4.00 = 
Sex X task „58 1 .58 — 
Age X sex X task 4.42 4 1.10 oe 
Task X Ss 449.78 87 5.17 
within groups 


in both conjunctive tasks and in neither disjunctive task, the) S is 
scored in the С» D category. If the S chooses the ideal initial card 
in the conjunctive task only once, and in the disjunctive task never, or 
if he chooses the ideal initial card in both conjunctive tasks and in only 
one disjunctive task, then he is placed in the C > D category. If he per- 
forms equally well in both tasks, or if he chooses the ideal card more 
often in the disjunctive tasks, then he is placed in the C < D category. 
The resulting distribution can be seen in Table 3. A x? performed on 
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Еіс. 1. Number of errors as a function of age. 


conjunctive task; --------- 
disjunctive task. Т 


CONJUNCTIVE AND DISJUNCTIVE THINKING 7 


these data is significant at the .05 level. This indicates that the different 
age groups are differentially able to use the ideal approach to solving 
conjunctive and disjunctive problems. Specifically, the eight- and eleven- 


TABLE 3 
Frequency or IDEAL RESPONSE IN ÜONJUNCTIVE AND Disyunctive TASKS 
Age 5 7 8 11 13 
C»D 5 5 11 11 6 
C>D 7 6 7 7 3 
c<D 9 9 2 2 7 


year-olds perform much better on conjunctive tasks, while the five-, 
seven- and thirteen-year-olds perform only slightly better on conjunc- 
tive tasks. 1 

Another reflection of the logie used in approaching the tasks is 
whether the initial choice is a positive instance or à negative instance. 
The ideal choice for conjunctive tasks is positive, for disjunctive tasks, 
negative. The figures for both tasks are given in Table 4. Two inde- 


TABLE 4 
FREQUENCY or POSITIVE AND NEGATIVE INSTANCES IN COoNJUNCTIVE AND 
Disiunctive TASKS 


Age 5 1 8 11 13 
Conjunetive task 
pos (ideal) apu aT TEAS МЇ ШИЙ 
пер 5 3 2 1 3 
Disjunctive task 
pos 17 20 29 29 16 
neg (ideal) 25 20 п п 16 


pendent x? tests were performed on these figures. The first, on.the fre- 
quencies of positive and negative choices in conjunctive tasks, is non- 
significant. The second, for disjunctive tasks, is significant at the .01 
level. Thus there are age differences for disjunctive but not! for! con" 
junctive tasks. All age groups choose primarily positive instances when 
solving conjunctive tasks, but only eight- and eleven-year-olds choose 
primarily positive instances when solving disjunctive tasks, the other 
groups choosing about half negative instances. 


DISCUSSION 


There is no support for the hypothesis th: 
for adults simply because there is more opp 


at disjunctive tasks are harder 
ortunity to learn and use con- 
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junetive reasoning. Either disjunctive reasoning really is harder for 
children of all ages, or else the youngest children tested in this experi- 
ment had already been exposed to sufficient learning experiences which 
favored conjunctive thought, Assuming the learning hypothesis, however, 
ono would still predict that some learning would go on after 5 years of 
age, and that the curves would continue to diverge. This does not happen. 

Analysis of the strategies used indicates that children of different 
ages do not perform equally well in choosing strategies for disjunctive 
tasks, Eight- and eleven-year-olds perform relatively worse than cither 
older ‘or younger children on both measures indicating strategy. It is 
possible that the younger children are merely performing randomly, 
without applying any consistent, strategy, and that as soon as they be- 
come mature enough to use strategies, they use conjunctive ones with 

all the tasks given to them. Or it is possible that younger children are 
approaching the disjunctive tasks without the disadvantage of having 
learned bad strategies, but that they cannot yet use the information 
they acquire, so the disjunctive task remains very hard for them. 

Considering that number of errors is the more reliable measure of 
ability, the overall conclusion must be that disjunctive tasks are more 
difficult for children just as they are for adults, This conclusion is sup- 
ported by the finding (King, 1966) that disjunctive: rules are harder to 
learn than conjunctive rules for children as well as adults, in а situa- 
tion where the Ss have been told the relevant attributes. However, the 
final assurance that differential learning is not the main factor in the 
greater difficulty of disjunctive tasks will come from a study of children 
younger than those used in the present experiment or the one reported by 
King (1966). 

The question of why disjunctive tasks are consistently more difficult 
cannot be answered, but deserves careful thought. Perhaps disjunctive 
concepts are less useful because they are associated with a lower level of 
certainty than conjunctive concepts. A disjunctive grouping does not 
give one any absolute knowledge about the members of the group, so 
there is, in a sense, no point in thinking that way. Or perhaps disjunctive 
ideas are more complex in terms of brain processes, so the brain auto- 
matically works in the simpler conjunctive way. This would imply, 
instance, that "red and square" requires only one step in the 
process while “гей or square" requires two. 

The results of this experiment lead to the conclusion that there 
some aspect of disjunctive groupings that make them inherently 
complex than conjunctive groupings. As a result, conjunctive 
are preferred and occur more frequently, providing greater 
to learn to reason about them. 
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Visual Preferences of Human Infants for Representations 
of the Human Face! 


BARBARA MORGAN WILCOX? 
Brown University 


Thirty infants, 4, 10, and 16 weeks old viewed 7 pictures of faces: a 
photograph; a realistic drawing; and schematic drawings of a complete, 3 
incomplete, and a scrambled face. Analyses of total fixation time and of 
duration of first fixation gave somewhat discrepant evidence about prefer- 
ences among the stimuli. The data were interpreted as showing: no prefer- 

. ence for the schematic over the symmetrically serambled face, no difference 
between a face with no eyes and one with no nose and mouth, preference 
for more complex over less complex stimuli with complexity defined as the 
number of elements, and developmental changes in preferences among 
complete, unaltered faces. Generally, complexity outweighed "faceness" as 
a determiner of preferences. 


Ever since Fantz (1961) reported that infants from birth to 6 months 
of age fixate a schematic drawing of a face longer than a scrambled 
version of the same drawing, it has been assumed that any stimulus con- 
taining the configuration of the facial features will be preferred by in- 
fants to any other stimulus equal in complexity. However, the dif- 
ferences in fixation time which Fantz found between these two stimuli 
were very small, and he performed no statistical tests. Also, no subse- 
quent study in which a representation of a face has been compared with 
a scrambled version of the same stimulus has found a significant dif- 
ference between the two stimuli across the entire age range tested 
(Fantz, 1966; Kagan, Henker, Hen-Tov, Levine, and Lewis, 1966; 
Lewis, Campbell, Bartels, and Fadel, 1966). However, an occasional in- 
stance of a statistically significant preference for the regular face over 
a scrambled or up-side down control stimulus has been found at isolated 


*This paper is based on a thesis submitted in partial fulfillment of the require- 
ments for the Ph.D. degree to Brown University, June, 1967. The research was con- 
ducted while the author was an NSF Graduate Fellow. The author gratefully 
acknowledges the assistance of Prof. Frances L, Clayton, who served as thesis 
advisor. Thanks are also due to Karen Lambe and Kathleen Decker for their help 
with preparation of the stimuli. 

*Now at the Department of Psychology, Bishop College, 3837 Simpson-Stuart Ва. 
Dallas, Texas 75241. 
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but inconsistent age levels (Fantz, 1966, 2 to 3 months; Lewis et al., 24- 
week-old girls; Watson, 1966, 14 weeks), and the supposition that rep- 
resentations of faces are generally preferred to other kinds of patterns 
has persisted. 

There has been little consistency among the above studies on the 
particular stimuli used, and the ambiguous results obtained suggest that 
factors other than faceness, or degree of resemblance to a real face, may 
be affecting the infants' visual fixations. Thomas (1965) points out 
that the features in the scrambled-face control stimuli have not been 
symmetrically arranged, and that these control stimuli might therefore 
be considered to be more complex than the regular face, which is sym- 
metrieal about the vertical axis. Brennan, Ames, and Moore (1966) 
have demonstrated that complexity, interacting with age, can affect in- 
fants’ visual preferences. This fact indicates a need for a direct investiga- 
tion of the influence of symmetry and other aspects of complexity on in- 
fants’ visual preferences among representations of the face. 

A second factor which has varied considerably among studies of visual 
preferences and which has been shown to be of influence is the measure 
of fixation time which is used in the analysis of the data. Lewis, Kagan, 
and Kalafat (1966) report that the duration of the first fixation in each 
stimulus presentation is more sensitive to stimulus differences than is 
total fixation time cumulated across the entire stimulus presentation. 
Kagan and Lewis (1965) report that increasing the number of trials in- 
cluded in the data analysis can decrease the sensitivity to stimulus dif- 
ferences. These aspects of the response measure haye not been consistent 
across the various studies of preferences for faces, and discrepant re- 
sults might be partially attributed to these differences. 

The experiment described in this paper was an investigation of factors 
which control infants’ visual preferences among representations of the 
face. A number of different criteria have been used to define complexity 
in studies of infant visual preferences (Berlyne, 1958; Brennan, Ames, 
and Moore, 1966; Hershenson, Munsinger, and Kessen, 1965; and 
Thomas, 1965). Two of these definitions, symmetry and number of ele- 
ments, were used in the present study. Four different response measures 
were analyzed in order to observe the effect that choice of response 
measure might have on the results. 


METHOD 
Stimuli. Seven black and white two-dimensional stimuli were E 
structed (Fig. 1). Five of these were based on the schematie face м | 
Fantz (1961, 1966) used. A symmetrically scrambled control eee in 
(Srambled) provided a control for complexity. This stimulus was form 
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from the schematie face (Schematie) by rearranging the facial features 
into a non-facelike configuration symmetrical about the vertical axis. 
A comparsion of fixation times of this symmetrically scrambled face 
with the schematic face should provide a direct test of the importance of 
a facelike configuration as a determiner of visual preferences, Deletions 
of various features from the schematic face provided a set of stimuli 
which varied in number of elements. The schematic face and the 
scrambled face were considered to be more complex than the two in- 


» т NS PCS 
/ Y \ 
| 1 | TT 
За / 
хи «а 
BLANK MOUTH- NOSE EYES 
SCRAMBLED SCHEMATIC 


DRAWING PHOTO 
Fic. 1. The stimuli. 


complete faces, which contained only the eyes (Eyes) and only the 
mouth and nose (Mouth-Nose); the two incomplete faces were con- 
Sidered to be more complex than the blank oval outline (Blank). A com- 
parison between the two incomplete faces (Eyes and Mouth-Nose) was 
included to determine if some features of the face might be preferred to 
others. Three complete, unaltered faces were designed to vary in the de- 
gree of realism with which they represented the face. These three 
stimuli were the schematic face, a more realistic drawing of a woman’s 
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face which contained continuous tones of gray and shaded areas (Draw- 
ing), and a photograph of a women's face (Photo). The drawing was a 
modification of the drawing of a boy's face which Ahrens (1954) used 
in his study of infant smiling. 

The questions to be asked of the data required that comparisons be 
made among the fixation times for the seven stimuli. Because non- 
independent multiple ¢ tests result in unknown reductions in significance 
level, a system of planned comparisons (Hays, 1963) was used whereby 
only selective testing was conducted, The statistical comparisons per- 
formed on these data are presented in Table 1. The use of planned com- 
parisons provides for mutual independence among tests by establishing 
à sequence of comparisons wherein any set composed of all of the stimuli 
on both sides of one comparison must appear in its entirety on only one 
side of any subsequent comparison which is to include any member of 
the set. Thus, groupings of the stimuli for the statistical tests were pre- 
established aecording to the above rule for planned comparisons and 
based upon the primary questions which the study sought to answer. 


TABLE 1 
PLANNED COMPARISONS 


1. Is there any difference between Eyes and Mouth-Nose? 
Comparison I: Eyes versus Mouth-Nose 


to 


. Is Schematic preferred to Scrambled? 
Comparison II: Schematic versus Scrambled 


3. Are there visual preferences among the three complete, unaltered faces? 
Comparison III: Photo versus Scrambled and Schematic 
Comparison IV: Drawing versus Scrambled, Schematic, and Photo 


4. Are there visual preferences along the complexity continuum? A 1 
Comparison V: Eyes and Mouth-Nose versus Serambled, Schematic, Drawing, 


and Photo i К, 
Comparison VI: Blank versus Eyes, Mouth-Nose, Scrambled, Schematic, Drawing, 


and Photo 


Subjects. Three age groups of infants were used, with 10 Ss in each 
group. The ages sampled were 4 weeks + 1 week (6 boys and 4 girls), 10 
weeks + 1 week (5 boys and 5 girls), and 16 weeks + 1 week (6 Hn 
and 4 girls). The Ss were patients of three pediatricians,’ and the only 
criteria for selection were the infant’s age and the mother’s ушшш 
to cooperate. For Ss who cried or fell asleep before а minimum aere 
of stimuli had been presented the data were rejected. There were 17 suc! 


*Jay M. Orson, M.D. Alfred Toselli, M.D., and Wilson F. Utter, M.D. gen- 
erously supplied names of potential subjects from their patient files. 
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rejeetions in the 4-week-old group, four in the 10-week-old group, and 
six in the 16-week-old group. 

Apparatus. The infant lay in a supine position in a cradle. Slides of 
the stimuli were projected onto a rear-projection screen located above 
and behind the infant’s head. This sereen was visible to the infant in a 
mirror placed directly over the infant’s head and situated at an angle of 
45° with the horizontal. The screen was at an optical distance of 2615 
inches from the infant’s eyes and the projected faces were 6% inches 
high (14° of visual angle). According to the data on infants’ ability to 
accommodate (Haynes, White, and Held, 1965), a viewing distance of 
2614 inches would not be optimal for infants as young as four weeks. 
However, the fact that visual preferences were obtained in this age 
group indicates that the infants were able to discriminate among these 
stimuli at this distance, The cradle, mirror, and screen were all con- 
tained within an enclosure which had walls made of fine, white cheese- 
cloth. A peephole centered between the mirror and the projection screen 
permitted observation of the infant’s eyes. 

Recording of responses. An observer watched the infant’s eyes through 
the peephole and judged fixation of the stimulus when the corneal re- 
flection of the patch of light from the stimulus was centered over the 
pupil of the infant’s eye. An interobserver reliability of .91 (Pearson 
product moment correlation coefficient, р < .01) was obtained with two 
observers recording simultaneously. If the two eyes were not converging 
on the stimulus, as occurred frequently with four-week-old Ss, then fix- 
ations were judged from alternate eyes on alternate presentations of the 
set of stimuli. Onset, duration, and offset of each fixation were recorded 
on an event recorder. 

Procedure. The stimuli were presented one at a time, each for 18 sec- 
onds. A half-second blackout of the screen served as the interstimulus 
interval. The stimuli were arranged in a different random order for each 
presentation of the set of stimuli. Presentations of the stimuli were con- 
tinued without interruption until the infant cried or fell asleep or until 
each of the stimuli had been presented seven times. Data from a S were 
analyzed only if he viewed at least three presentations of each stimulus. 


Thus, each S received a minimum of three and a maximum of seven 
trials, 


RESULTS 


The two commonly used measures of fixation time, duration of the 
first fixation in each stimulus presentation, and total fixation time #0! 
each stimulus presentation, were taken from the record produced by th 
event recorder. Each of these measures was analyzed in two ways wit 
data from the first three trials alone, and with data from all trials which 
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the subject received. Since some of the subjects did not receive all seven 
trials, it was not possible to compare directly the first three trials with 
the last four trials. 

The results for the four measures were similar, but some discrepancies 
did occur. The results will be presented first for the response measure 
which showed the greatest sensitivity to stimulus differences, ie. the 
measure which produced the greatest number of significant differences 
with the planned comparisons. The diserepaneies which occurred with 
the other three response measures will then be indicated. 

Because the fixed stimulus presentation time imposed a floor (0 sec- 
onds) and a ceiling (18 seconds) on the fixation times, there resulted 
skewed distributions for some stimuli and for some Ss. Medians, which 
are more representative than means of the central tendency of skewed 
distributions, were taken for each stimulus for each S. The distributions 
of these medians were more reasonable approximations of the normal 
distribution. Age-group means of these medians were computed for each 
stimulus, and conventional parametric statistics were performed. The 
mean median fixation time for each of the four response measures 18 
presented in Table 2. 

Total fixation time across all trials. The mean median fixation time 
over all trials is presented in Table 2. An analysis of variance of these 
data showed the main effects of age (p < .05) and stimuli (p < .01) and 
the age by stimuli interaction (p < .05) to be significant. The results 
of the planned comparisons are as follows. 

Schematic and Scrambled were not significantly different from each 
other at any age level. Neither was there a significant difference be- 
tween Eyes and Mouth-Nose at any age. For all three age groups both 
complexity comparisons (Comparisons V and VI) were significant, indi- 
cating a preference for the more complex stimuli. However, it should be 
noted in Table 2 that the fixation time for Blank was approximately 
equal to that for Eyes and Mouth-Nose in the 4-week-old group. Devel- 
opmental changes are evident in the relationships among the three com- 
plete, unaltered faces. In the 4-week-old group, Drawing produced à 
lower score than did Schematic and Photo (Comparison IV, P < 01). 
In the 10-week-old group there were no significant differences among 
these stimuli. In the 16-week-old group Photo was preferred to the other 
complete faces (Comparison III, p < .05). "ordi 

Total fixation time across the first three trials. The only major Ai 
ference between this response measure and total fixation time ut. E 
trials occurred in the youngest group. The two comparisons p js 
complexity continuum did not produce significant results for o 
old group. This response measure produced only one ул. ee i 
between stimuli in this group, Scrambled, Schematie and Pho 


TABLE 2 


RrsuuTS: эпти Елси or THE Four RESPONSE MEASURES Grvex IN MEAN MEDIAN FIXATION TIME IN SECONDS 


4-Week-old group 
Total, all trials 
Total, three trails 
First fixation, all trials 
First fixation, three trials 


10-Week-old group 
"Total, all trials 
"Total, three trials 
First fixation, all trials 
First fixation, three trials 


16-Week-old group 
Total, all trials 
Total, three trials 
First fixation, all trials 
First fixation, three trials 


Blank Mouth-Nose 


4.76 4.92 
6.85 5.25 
2.70 2.27 
3.40 2.70 
3.05 8.10 
4.10 8.85 
1.20 4.07 
1.10 4.65 
5.55 9.82 
5.25 10.00 
1.72 3.90 
1 80 5.30 
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preferred to Drawing (Comparison IV). The results for the two older 
groups were the same with this measure of fixation time as they were 
with total fixation time across all trials. 

Duration of first fixation across all trials. The remaining two mea- 
sures of fixation time were based on the duration of the first fixation 
which occurred in each stimulus presentation. It should be noted that a 
fixed stimulus presentation time was used in this study, as was done in 
previous studies which compared response measures (Lewis, Kagan, and 
Kalafat, 1966), Therefore, the first fixation in a stimulus presentation 
was occasionally terminated by the removal of the stimulus rather than 
by the infant himself. This truncation of the first fixation occurred on 
12% of the stimulus presentations for the 4-week-old group, on 22% 
for the 10-week-old group, and on 17% for the 16-week-old group. 

Duration of the first fixation over all trials showed no significant 
stimulus effects for the 4-week-old group. The results for the 10-week- 
old group were somewhat discrepant from the results using total fixation 
time. The two complexity comparisons were significant, indicating a 
preference for more complex stimuli as was found before. There was also 
a significant difference between Drawing and the other complete faces, 
an effect which was found in the 4-week-old group with total fixation 
time but not in the 10-week-old group. For the 16-week-old group, Hs 
planned comparisons produced the same results as were found with total 
fixation time. However, there was essentially no difference between the 
means for Eyes and Mouth-Nose and the means for Scrambled and 
Schematic. Therefore, it is concluded that the complexity effect was 
confined to a preference for the faces containing some or all features 
over the blank oval outline. е 

Duration of first fixation across the first three trials. The results with 
this measure of fixation time are the same as those for duration of first 
fixation with data included from all trials with one rather striking excep- 
tion. In the 16-week-old group the means for Schematic and Drawing 
were higher and the mean for Photo was lower than the мани 
when data from all trials were included. This resulted in а piper 
difference being obtained between Scrambled and Schematic (p « 
and no significant difference being obtained between Photo and the mean 
of Scrambled and Schematic. The results for the other two api 
essentially the same as were obtained with duration of first S 
over all trials. 


DISCUSSION 


: Ё 
Given the ambiguities caused by the differences EET a 
fixation time, it is still possible to draw conclusions а 
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preferences shown in these data. Complexity, defined as the number of 
facial features contained within an oval outline, proved to have an effect 
at all three age levels, with all three groups preferring the more complex 
to the less complex stimuli. 

Comparisons among the three complete, unaltered faces showed de- 
velopmental changes in visual preferences, The oldest group showed a 
preference for Photo over the two drawings with three of the four re- 
sponse measures. This result suggests a preference for more realistic 
representations of the face at 16 weeks of age. However, the younger 
subjects showed a preference for both Photo and Schematic over Draw- 
ing (at 4 weeks with total fixation time, and at 10 weeks with duration 
of first fixation), This preference ordering does not follow the continuum 
of realism which these three stimuli were intended to represent and 
probably should be attributed to some factor other than faceness which : 
varied among these stimuli. It may have resulted from the fact that the 
realistic drawing contained more gray and less black and white and 
therefore less area of sharp contrast between black and white than did 
the sehematie drawing and the photograph. 

No evidence was found that infants 4 ог 10 weeks of age prefer a 
facelike pattern to a non-facelike pattern equal in complexity. The data 
for the 16-week-old group are inconclusive on this point, but since the 
preference for Schematic over Scrambled showed up (p < 05) in only 
one of the four response measures and occurred in a response measure 
which was not entirely appropriate to the procedures used, it cannot be 
said that the preference, if it does exist, is a very strong one. Koopman 
and Ames (1967) also report finding no significant difference between 
the schematic face and a symmetrically scrambled control stimulus in 
a study conducted at the same time as this one. These independent repli- 
cations of this result add weight to the conclusion that infants have little 
or no preference for a facelike pattern per se. 

No evidence was found with any response measure that infants at any 
of the three ages look at eyes more than at the features in the lower 


up to three months old smile more at a face with no mouth or nose than 
at a face with no eyes, these data suggest that smiling and visual pref- 
erences do not follow the same developmental sequence and may not be 
controlled by the same processes. 

The results show that the visual preferences of these infants among 
these stimuli were not strongly influenced by the degree of faceness of 
the various stimuli. Only questionable evidence was found of a prefer- 
ence for Schematic over Scrambled, and at only one age level, The 
preferences which were found among the three faces varying in degree 
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of realism were dependent upon the response measure analyzed and did 
not consistently follow the realism continuum. Complexity seems to have 
dominated as the primary determiner of visual preferences in this set of 
stimuli. Preferences for the stimuli with more elements was consistently 
found at every age level and with every response measure at the two 
older ages. The visual preferences found in this study seem to have been 
controlled more strongly by complexity and perhaps contrast than be 
degree of resemblance to a human face. This finding recommends cau- 
tion in the interpretation of preferences found among representations of 
faces. Adequate control of other variables such as complexity and con- 
trast should be attempted, or the extent to which they influence the 
results should be assessed, before the results are attributed to a response 
to the face as a meaningful stimulus. 

It is evident that conelusions about the visual preferences shown in 
these data depend somewhat on the response measure used. In the 4- 
week-old group, significant differences between stimuli were found only 
with total fixation time, and not with duration of first fixtion. In the 
16-week-old group, conclusions about the preference for Schematic over 
Scrambled depend upon the response measure. As we have seen, how- 
ever, when the data for all ages are considered, it seems not to be a 
simple case of one measure being uniformly most sensitive to stimulus 
differences. At both 4 and 10 weeks of age Drawing was looked at less 
than the other complete faces. This difference reached significance with 
a different response measure at each of the two age levels, with total 
fixation at 4 weeks and with duration of first fixation at 10 weeks. 

This instance of definite differences among response measures would 
indicate that reports of studies of visual preferences should consider 
carefully the measures used. This is especially important for pom panos 
among studies, in which different experimenters, using different subjects 
and procedures, might be expected to produce even greater discrepancies. 


REFERENCES 


AHRENS, В. Beitrag zur Entwicklung des Physiognomie- und PT 
Zeitschrift fiir Experimentelle und Angewandte Psychologie, 1954, | S 
Translated under the title of ‘Contribution on the development of DU 
and mimicry recognition’ by the National Institutes of Health Translating 
Service. 5r. М 

Векитме, D. E. The influence of the albedo and complexity of stimuli Mos 
fixation in the human infant. British Journal of Psychology, 1958, 49, 3 5 В 

Brennan, W. M, Ames, E. W, AND Moore, R. W. Age a en bx ап 
attention to patterns of different complexities. Science, 1966, m FA ae 

Faxrz, R. L. The origin of form perception. Scientific American, 1961, * i 2 

Fantz, Б. L. Pattern discrimination and selective attention as determinants of pe 


* 


20 0 SQ BARBARA MORGAN WILCOX 

ЖУ, в 
' ceptual deyelopmrent from birth. In Kidd and Rivoire (Eds), Perceptual Devel- 
opment in Children, New York: International Universities Press, 1966. 

Haynes, H., WHITE, B, AND Нюр, R. Visual accommodation in human infants. 
Science, 1965, 148, 528-530. 

Hays, W. L. Statistics for Psychologists. New York: Holt, Rinehart, and Winston, 
1963. 

Hersuenson, M., Munsrncer, H., AND Kessen, W. Preferences for shapes of inter- 
mediate variability in the human newborn. Science, 1965, 147, 630-631. 

KAGAN, J., AND Lewis, M. Studies of attention in the human infant. Merrill-Palmer 
Quarterly, 1965, 11, 95-127. 

KAGAN, J, Henker, B. А., Hen-Tov, A., Levine, Jọ, AND Lewis, M. Infants’ differ- 
ential reactions to familiar and distorted faces, Child Development, 1966, 37, 
519-532. 

Koorman, P., AND Ames, E. Infants’ preference for facial arrangements: a failure to 
replicate. Paper presented at meetings of the Society for Research in Child 
Development, New York, March, 1967. 

Lewis, M. KAGAN, J. AND Katarat, J. Patterns of fixation in the young infant. 
Child Development, 1966, 37, 331-341. 

Lewis, M., CAMPBELL, H., BarteLs, B., AND Елры,, D. Infants’ responses to facial 
stimuli during the first year of life. Unpublished manuscript, 1966. 

Tuomas, Н. Visual-fixation responses of infants to stimuli of varying complexity. 
Child Development, 1965, 36, 629-638. 

Warson, J. S. Perception of object orientation in infants. Merrill-Palmer Quarterly, 
1900, 12, 73-94. 


JOURNAL OF EXPERIMENTAL CHILD PSYCHOLOGY 7, 2l 


Learning Set and Shift Behavior in Children’ 


Anne Saravo AND May Когорхү 
The Fels Research Institute 


Twenty-five preschool children learned a series of dimensional shifts, four 
reversals (RS) and four nonreversals (NRS) followed by a conditional dis- 
crimination (CD) comparison of the two shifts. Evidence of learning set was 
obtained, and performance improved reliably on RS on both color and form 
dimensions. Facilitation on RS did not transfer to CD. 


Both reversal shifts and learning set have been hypothesized to re- 
Песь differences in the ability to mediate (Reese, 1962; Kendler and 
Kendler, 1962; Tighe and Tighe, 1966) ; and the ease with which both 
tasks are accomplished seems to be related to both ontogenetic and 
phylogenetic differences (Miles and Meyer, 1956; Kaufman and Peter- 
son, 1965; Kendler and Kendler, 1962; Gollin, 1964; Reese, 1963). There 
is disagreement, however, about the extent to which the mediation in- 
volved is specific to a particular developmental stage (Mackintosh, 1965; 
Kendler and Kendler, 1966). A 

Luria (1961) has summarized Russian research showing that deficiency 
in mediation ean sometimes be overcome by special training; it is 
probable that, if the formation of a learning set facilitates mediation, or 
vice versa, the effects would be reflected in the relationship of the two 
shift paradigms, In addition, Mackintosh and Mackintosh (1964) sug- 
gested that improvement in habit reversal can be accomplished only at 
the cost of increased difficulty in shifting dimensions. This study was 
therefore designed to determine (a) the relationship between the ability 
to form a learning set using minimum stimuli (Riopelle, 1955) and the 
relative ease of reversal and nonreversal shifts, and (b) the changes with 
practice in the difficulty of dimensional shifting as compared with the 
difficulty of reversal. 


METHOD 


Subjects. The Ss were 37 experimentally naive children ane Ed 
sery school in a day care center for culturally deprived, lower-class 
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dren. Their ages ranged from 36-71 months; within this range there were 
3-year-old (15), 4-year-old (12), and 5-year-old (10) children. The 
available Stanford-Binet IQ's ranged from 86-131, with a median of 103. 

Apparatus and stimuli. A modified version of the Wisconsin General 
Test Apparatus was used. A black curtain with brightly colored nursery 
figures was interposed between S and E while the stimuli were baited; 
when the curtain was raised, E's face was not visible to S. The stimulus 
objects were presented to S on a gray slide-out tray ; the objects could be 
opened to reveal the candy rewards. The stimuli were wooden three- 


Fio. 1. Stimulus settings for one subject of problems 1, 2, and 9, illustrating 
original learning tasks (OL), reversal and nonreversal shifts (RS and NRS, respec- 
tively), and conditional discrimination (CD). 


dimensional objects differing in form (circle or diamond), color (blue or 
yellow), and the presence or absence of three red dots. 

Design. Each S learned a series of eight two-task transfer problems; 
half of these problems were reversal shifts, half were nonreversal shifts. 
This series was followed by a conditional discrimination problem (CD) 
which constituted a mixed list, within-subject comparison of both RS 
and NRS paradigms (see Saravo, 1967). The CD task required a rever- 
sal on half of the trials and a nonreversal on the others. Figure 1 illus- 
trates a specimen of the settings on problems 1, 2, and 9 for one subject; 
for purposes of illustration, the left stimulus of each pair is positive. 

The eight dimensional-shift problems were arranged so that each of 
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the four possible combinations of RS, NRS, and color or form relevant 
appeared twice in the eight, problems, and so that the first two problems 
for each S included both a reversal and a nonreversal shift, The Ss within 
each age group were randomly assigned to one of eight, counterbalanced 
sequences of these combinations. For example, the S whose settings ap- 
pear in the figure received the following sequence of positive stimuli in 
successive problems: problem 1, blue (OL)—yellow (RS); 2, blue 
(OL)—diamond (NRS); 3, circle (OL)—yellow (NRS); 4, diamond 
(OL)—eirele (RS); 5, diamond (OL)—blue (NRS); 6, circle (OL)— 
diamond (RS); 7, yellow (OL)—cirele (NRS); and 8, yellow (OL)— 
blue (RS). In the ninth problem, blue was correct in the first task (OL), 
and both yellow (RS) and diamond (NRS) were correct in the CD task, 
as illustrated. 

Each task involved all three dimensions; one relevant, one irrelevant, 
and the third varying successively; i.e, constant within a single trial 
setting, For the example in the figure in task 1, problem 1, color is rele- 
vant, dots are irrelevant, and form varies successively, that is, both 
stimuli are circles on one trial, and both are diamonds on another trial, 
Dots were never relevant. The effects of partial reinforcement and stim- 
ulus novelty were controlled by presenting the appropriate first task 
variable dimension as the successively variable (constant) dimension in 
the second task. In the nonreversal shift the previously relevant dimen- 
sion was made constant; in the reversal shift, the previously irrelevant 
dimension was made constant. Stimulus sequences for each task were 
predetermined so that the spatial arrangements for each stimulus dimen- 
sion followed a Gellermann order, and each value of a dimension was 
combined with every value on every other dimension an equal number 
of times. 

Procedure. For the first eight problems and task 1 of problem Ка 2 
learned each task to a criterion of 9/10 correct, The Ss were given e 
task immediately after reaching criterion on the first task of а р {эы 
after Ss reached criterion on a shift, the session was ended, far teak 
began a new problem the next working day. Training on а AY] did not 
was continued for a maximum of 4 days, 36 trials per day. хад 
reach criterion within these 144 trials and/or а special уы Н i probe 
described below, he was dropped from the experiment, On ki A 
lem 9 (CD), Ss were run to a criterion of 9/10 correct or а maxim 
72 trials, whichever came first. : 

At the beginning of the series, the Ss were seated in ey hg 
paratus and shown the four positive stimuli of the first .1 

il $3: They have surprises inside. Open 
plained, “These are my hiding places. They 

” 8 nsumed the candy, E pre- 
them up and see what you find." After 8 consec ii n in front 
sented the two stimuli of trial 1 and baited the positive stimu 
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of S. The E then said, “Now only one has the surprise. Which one do 
you think it is?" After S picked the correct stimulus, E said, “That’s 
right. Now I’m going to hide some more surprises and you see if you can 
find the hiding place every time. Remember to pick just one each time, 
the one with the surprise.” The S was verbally reinforced for every cor- 
rect response. 

The special training procedure was given if S did not reach criterion 
on any task within four days. At the end of 36 trials on the fourth day, 
the E stacked the positive stimuli vertically on one side of the tray and 
the negative stimuli on the other side of the tray. Pointing to the positive 
stimuli, E said, "These are my hiding places, they have the surprises in 
them. These are not my hiding places, they do not have surprises in 
them. Open up my hiding places." After S saw the rewards, E baited the 
stimuli in front of S until S made four consecutive correct responses. The 
E continued with the baiting out of S's sight for 36 more trials or until 
criterion was reached on the regular trials. Subjects were rewarded with 
a candy after each correct response, and a cartoon card at the end of the 
session every time criterion was reached on a particular task. 


RESULTS 
Task 1 Performance 


Figure 2 presents the learning curve of the mean number of trials to 
criterion on original learning (OL) for all problems. One S's unusually 
poor performance on problem 9 was excepted from the figure because it 
was neither typical of his past performance nor of the other Ss; teacher's 
reports indicated an outside source of emotional disturbance on those 
days. His performance is not excluded from the statistics performed on 
the data, however. 

Early in learning, repeated shifts hindered S's over-all performance: 
A significant number of Ss showed a decrement in OL performance in one 
or more problems when compared with the first problem (Binomial test, 
two-tailed, = = 5, N = 25, р = .004), even though the positive stimuli 
had been correct in at least one previous problem. For the 3-year-old Ss, 
this negative transfer prevented most of them from finishing the series. 
Of the children who reached criterion on the first task, 19 of 22 older 
children but only 6 of the 15 three-year-olds could finish the series; this 
difference between age groups was statistically reliable (x? = 6.17, df = 
1, p < .02). Only Ss finishing the series were included in the over-all da 
analysis. 

In general, the negative transfer produced early in learning was su 
seded by the formation of a learning set at the end of the series. Few! 
trials were required to reach criterion on OL as the series progress 
(F = 8.41, df = 3/72, р < .001). Evidence for learning set was а! 
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demonstrated by a within-S comparison of OL performance on problems 
1 and 9. It was found that a significant number of Ss took fewer trials 
to reach criterion in the last problem (Binomial test, т = 4, N = 25, p < 
004). There were no differences in the effect of successive problems as a 
function of relevant dimensions, nor were there any over-all differences 
between dimensions in ease of learning. 

However, since after the first problem all OL tasks were actually shift 
tasks, only the first OL task provides an unambiguous measure of di- 
mensional preference. Performance on the first OL also showed no reliable 
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PROBLEMS 
Fic. 2. Mean trials to criterion on the first tasks (OL) of problems 1-9. 


although there were 


differences unction of relevant dimensions, Е 1 
ces ав а s on trials 2-8 inclu- 


fewer trials to criterion and more correct response! 
sive if form was relevant. 


Task 2 Performance 

An analysis of variance Was performed on the number of UEM Ey 
sponses on trials 2-8 inclusive, with age, practice ое 1 ү, a 2 
lems 5-8), shifts, and dimensions as the variables in а | о 
mixed design. This measure Was used because pios j e 
measure produced marked heterogeneity of variance 1n "c T e 
The direction of means, however, were congruent. Means an 
number of correct responses appear in Table 1. 
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TABLE 1 
MEANS AND SD's or THE NUMBER Correct on TRIALS 2-8 INCLUSIVE 
FOR SECOND Tasks OF PROBLEMS 1-8, AND OF THE NUMBER 
or Errors WITHIN 72 TRIALS on CD 


Dimension shifts 
EM Е: ee eee 
Color Form 
RS NRS RS NRS 
Age Ss, ڪڪ‎ = eee 
year N M SD M SD M SD M SD 
Problems 1-4 
3 6 4.17 1.17 3.67 1.75 2.83 1.17 6.00 1.26 
4 11 4.73 1.02 4.18 1.78 4.64 2.42 5.45 1.08 
5 8 4.38 1.99 4.12 1.96 3.75 1.49 5.50 1.51 
4.48 4.04 3.92 5.60 
Problems 5-8 
3 6 5.17 .98 4.50 1.25 4.50 1.52 5.00 2.00 
4 11 5.64 1.29 6.00 1.41 5.36 1.80 5.82 1.33 
5 8 5.12 1.88 5.88 1.73 4.25 2.25 5.12 1.36 
5.36 5.60 4.80 5.40 
Problem 9 (CD errors) 
3 6 11.75 7.27 8.50 4.95 8.50 2.12 9.75 5.91 
4 11 7.80 3.77 5.50 5.21 5.50 5.32 3.20 2.49 
5 8 7.60 6.88 9.00 5.29 11.00 6.08 4.60 3.18 
8. 7.00 7.54 5.57 


On the first half of the series, performance on NRS was superior Й 
form was relevant (t = 3.84, df = 24, p < .001), while RS was easier thi 
NRS if color was relevant, but not significantly (t = 1.03, df = 24, p 
-10). On the second half of the series, there was no difference in perfo 
ance on the two shifts. In addition, practice improved reversal perfo 
ance when either form (t = 2.17, df = 24, p < .05) or color (t = 24 
df = 24, р < .05) was relevant, while practice reliably improved dim 
sional shifting (NRS) only if the shift was to color (t = 3.27, df = 
p < 01). The effect of practice then, was to make performance on t 
two shifts more alike with respect to the relevant dimensions. These 
fects are supported by a dimensions X shifts interaction (F = 9. 
df = 1/154, p < 01) and a dimensions X shifts X practice interacti 
(Е = 421, df = 1/154, p < .05). Performance also improved reliab 
over-all (F = 10.52, df = 1/154, p — .01), and RS was more diffi 
than NRS over-all (F = 5.91, df = 1/154, p < .05). There were no ov 
all differences in task 2 performance as a function of relevant dimensio! 
however. 
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A finer analysis of the shift effects over problems was obtained by re- 
combining the data into the sequence they were given. NRS superiority 
was significant only in the first two problems (t = 2.11, df = 24, p < 
05). Thereafter, the children performed with equal facility on the two 
shifts, As learning on the series progressed, performance improved on RS 
from problem 1 to problem 8 (Binomial test, z = 2, N =12, p= М, N 
equals the number who had RS on problem 1) while NRS performance 
was not reliably affected. There were no differences in the original re- 
lationship of the two shifts as a function of ability to form a learning set, 
that is, children who showed facilitation on the series performed the same 
on the first shifts as children who did not show facilitation or could not 
finish the series. 

On the CD comparison, the 4 and 5-year olds showed superior per- 
formance on NRS (t = 2.50, df = 18, p < .05) while the 3-year olds did 
not. These 3-year olds, however, could not be considered representative 
since the majority of 3-year olds could not finish the series. All but three 
Ss, two 3-year olds and one 5-year old, were able to reach criterion on 
the conditional discrimination within the allotted 72 trials, The median 
trial on which a criterion run began was 27. 


DISCUSSION 

The early negative transfer found in OL and the inability of the 
youngest children to overcome this negative transfer is analogous № 
Gollin's (1964) finding that 3-year-old children were hindered in reversal 
performance by overtraining. The present results, however, cannot be 
explained by a Hullian perseveration to the previously rewarded cue. 
Most of the 3-year olds who were dropped from the experiment failed on 
or after the third problem. Thus, they had already demonstrated Ww 
ful solution of both intra- and extradimension shifts, and some зар P 
experience with the positive stimuli. Without exception, they a 0 
meet criterion on the OL part of the problem, which suggests ds kd 
between problems actually inereased their confusion. Their рег e pi 
within the last, noncriterion task showed perseveration to all ° di 
varying dimensions in turn, sometimes with runs of ш Ed re- 
same cue. Although some of the nonlearners did exhibit os pe * 
sponses after having repeatedly picked the incorrect ураа; that 
them subsequently asked to continue the "games. This жн Die ly mo- 
the reason the 3-year olds could not finish the series was йо 8 A ait 
tivational. In addition, there was little suggestion that cn dandi n 
from the previous task (task 2 on the preceding ge i cue on the 
their performance. Five out of 9 were assigned the oppos! an to a 
same relevant dimension as the preceding task, corresponding 
reversal. 
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Reese (1962, p. 503) assumed that verbal mediators were involved in 
discrimination set, (which he distinguishes from learning set (Reese, 
1963, p. 117)) and in the efficient performance on the shift paradigms. I 
this assumption is correct, then the mediational deficiency hypothesi 
would prediet a relationship between developmental level, ability 
form a diserimination set, and the relative ease of the two shifts at the 
beginning of the learning series, The ability to establish the diserimina- 
tion set seemed to be related to age, supporting Reese, but this relation- 
ship is somewhat tenuous since its sole support rests on the inability oi 
the 3-year olds to finish the series. Furthermore, there was apparently n 
relation between the relative ease of the two shifts at the beginning 0 
the series and the ability to form a learning, or discrimination set. Thus, 
if the ability to mediate, as deduced by the establishment of a discrimi- 
nation set, is a function of developmental level, it was not reflected in the 
original shift performance of the children in this study. If, however, both 
discrimination set and reversal facilitation are dependent on the develop- 
ment of observing responses, then according to attention theory (Zeaman 
and House, 1963), performance on reversals would be expected to im: 
prove concomitantly with OL performance, as was the case. ў 

Although Mackintosh (1962) reported that ease of reversal learning 
was inversely related to ease of dimensional shifting, the present study 
failed to find any over-all effect on dimensional shifting, even though 
reversing within a dimension was facilitated. Furthermore, both RS and 
NRS performance were facilitated if color was the relevant dimensio) 
Since improvement on OL was found in both dimensions, improveme! 
in habit reversal cannot be attributed to the development of a particul: 
dimensional set, or an increase in strength of one relevant stimulus ana 
lyzer. Indeed, the effect of practice was both to weaken any p 
experimentally acquired dimensional preference and to facilitate reversa 

This interaction of shifts, dimensions, and practice seems in part ра: 
doxical. If some of the children could reverse on one dimension in the be- 
ginning of learning, why did this initial advantage not become mort 
pronounced? 

Zeaman and House (1963, pp. 219-220) noted that learning set co! 
result from “extinction of observing responses to the class of dimensi 
which are never relevant and the acquisition of strong tendencies to 0 
serve those dimensions which are frequently relevant"; As the seri 


*Interproblem improvement might also be explained, in very much the 
terms, by a one-stage discrimination model (e.g., Spence, 1936) if it is assumed tht 
as training progresses, values become equivalent on dimensions which are ni 
relevant. Such nonrelevant dimensions, then, should cease to have functional contr 
over discriminative responses. This kind of formulation might also be extended 
include most "dimensional" responding (Saravo, 1965, p. 45). 
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progressed, and the third irrelevant dimension (dots) was never rein- 
forced, Ss probably stopped attending to this dimension. By the end of 
learning, each task came to represent only a choice between the two cues 
of the relevant dimension, except in those tasks in which both color and 
form varied simultaneously. This, in part, probably contributed to the 
facilitation in OL over problems. Furthermore, if this analysis is correct, 
mediational behavior (in the form of attention to the relevant dimension) 
would produce no advantage in reversal shifting over dimensional shift- 
ing since only the relevant dimension would be attended to by most Ss 
in either RS or NRS. Moreover, the failure to transfer reversal facili- 
tation to the CD task would then be due to the recovery of extinguished 
attentional responses to irrelevant cues. Thus, changing the type of prob- 
lem acted as a “disinhibitor” in the same sense as novel stimuli. 

Although attention theory can predict facilitation of reversal perform- 
ance, it ean not also explain the increased difficulty of the 3-year olds, 
nor the negative transfer produced by reversal shifts at the beginning of 
learning. This study and others (see Wolff, 1967) seem to indicate that, 
although dimensional responding does not seem to be restricted to one 
developmental level, an initial tendency to cue perseverate may be age 


related. 
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Age, Cognitive Control and Extinction! 


Rov GLADSTONE 
Oklahoma State University 


Two groups, one composed of 2-3% year old children, the other of 4% 
to 55-year-old children, were given a simple operant task and were re- 
warded on a variable ratio five schedule. The rewards and their eventual 
exhaustion were visible. The younger Ss gave significantly more extinction 
Rs than the older Ss. Several explanations of the results are presented. The 
explanations revolve about the variables of ongoing behavior, reinforce- 
ment schedule, discrimination, total display versus critical cue, integration 
across space, E control, and associationistic versus cognitive constructs. 


This experiment was designed to discover the approximate age at 
which nonresponse extinction starts to occur. A pilot experiment tun- 
published) suggested that a cue which is susceptible to a logical inter- 
pretation exercises little or no control over the behavior of children of 
about 3 years old although it exercises quite strong control pi ш 
behavior of children of 5-6 years. А more closely controlled experiment 
confirmed that finding and suggested that a point of inflection exists 
in the age range 315-415 years of age (Gladstone, 19662). This experi- 
ment is a replication of the latter. 

A discussion of pertinent theories will ap 
the experiment. 


pear after а description of 


EXPERIMENT 


Subjects 31 

Two groups were used, one composed of 14 children A qe d 
years of age, the other composed of 21 children uam ар level and 
of age, all Caucasian. It is likely that, both Saad was measured. 
MA were above average in both groups although neither 


Equipment i t pellets 
A rat pellet feeder was used with 10 BBs 152 d pute gn. The 
The BBs were all clearly visible to S езШ Miss Ј 
: а i 'ce 
"I am most grateful for aid which was gen A ae d xum dee The work 
Chien did practically all the work of securing subjects an i 
out of which this experiment evolved 
grant. 
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feeder was operated by a light switch, one on-off sequence composing: 
one В. In each case 50 Rs fed out all 10 BBs. 


Rewards 
Rewards were pennies, gum, candy, and small toys. 


Directions 
E used the following directions, the portion in quotation marks being 


directed at S. 
“Do you see all these prizes here? In this dish we have some pennies 
(pause) in this dish we have some little toys (pause) and in this dish we 
have some gum. Would you like to have some of these prizes?” (Indicate 
all the dishes). “All right, you can get some.” 

«І will give you your choice of one of these prizes when you get a BB 
out of this machine (point to BBs). Each time you get a BB I will let you 
take one of whatever you want. Now can you tell me how you get prizes?” 
1 he knows, say “Good,” if not, explain further. 

“All right, here is how you get the BBs. Press this clicker here and pretty 
soon a BB will drop into this tray. Like this." (E uses the light switch to 
produce one BB.) “See—now you have one BB. Which prize would you like 
to have for your BB?” (Give him the prize he selects). “All right, now 
you do it. Tell me when you are finished pressing the clicker.” 

With each BB ask him to choose a prize. If he stops without saying 
anything say, “Would you like to go on or are you finished pressing the 
clicker?” 

Two Ss refused to stop to choose a prize after getting one BB even 
through E asked S what prize he would like. They were allowed to 


continue. 


Theory 


When the last BB falls from the feeder the visual display is changed 
slightly but critically. It was hypothesized that the older group would 
use that information to reduce their extinction Rs severely, many of them. 
to zero, and that the younger group would not be able to use that 
information as well. It is suggested that extinction behavior may be 
а function of many influences and that the information contained in the 
visual display may interact with other influences to reduce rather than. 
eliminate extinction Rs. If none of the children were to yield an ex- 
tinetion score of zero, the cognitive explanation would be weak at best. 

The specific hypothesis is that the older group will yield fewer 
extinction Rs than the younger (a directional hypothesis). 


RESULTS 


The older children yielded statistically significantly fewer extinctio 
Rs than the younger (p — .023, one-tailed test) by the Mann-Whitn 
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U Test (Siegel, 1956). Since the number of zero-level extinction Rs is 
important, all the data are given in Table 1. 


TABLE 1 
NUMBER or Extinction Rs ror Елсн S* 
21-34 years 44-53 years 
1 4 31 0 6 
3 2 5 1 97 
11 3 0 0 6 
1 52 11 0 0 
55 56 0 0 53 
10 19 3 0 1 
28 2 1 0 168 


* While the BB fell when the switch went from “on” to “off” most Ss flicked the 
switch back to “on” (half an R) on a significant number of trials. This is presumed 
to be a matter of the time necessary to make a decision and to inhibit an on-going, 
rapid act rather than a failure to make a decision. If 8 stopped at % an extinction 
R it was recorded as zero, 


CONCLUSION 


As expected, a large percentage of older Ss gave zero extinction Rs. 
During the period when the child goes from 3% to 4% years of age 
something happens to the typical Caucasian (possibly fairly bright) 
child which makes his extinction behavior much more susceptible to 
control by the logical inference which may be derived from a rewards- 
all-gone display. This conclusion is considered by this investigator i: 
be greatly strengthened by virtue of the fact that it has now been foun 
three separate times by three different Es. à d 

The implication is very strong that there is a rather sharp dis- 
continuity which appears sometime in the age range таа he 
during which time cognition achieves major control over the behavio 
of the typical S in the situation used. 


DISCUSSION 


These results may be explained in several ways. One is b "T d 
shift of control from perseveration to control by Кун as 
and Kendler (1964) suggest that in younger ckilaren Ner p Mer 
and overt choice may be parallel processes which go on Cor ae 
Luria (1961) indicates that directions from an adult can start a 


? Reese (1962) has reviewed the literature on verbal mediation as а function of age 


level. 
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sequence in children but cannot stop it. The inference from both 
sources is that the younger children of this experiment may have re 
nized the illogie of their extinction behavior but were unable to stop i 
Indeed some Ss in this study acted as if this were the case saying them 
were no more BBs while giving Rs. 

A second, related possibility is that the age at which cognitio 
achieves control is a function of the particular schedule of reinfore 
ment used. 

A third possibility is that the younger Ss were unable to perceive the 
critical cue—the emptiness of the reward reservoir. The discomfort 0 
some of the Ss in continuing (also remarked by Luria) militates again 
this theory. 

A fourth possibility is that the younger Ss were controlled by 
large mass of constant cues while the older were able to respond to th 
smaller cue of change from BB present to no BBs. This is an explanatio 
in terms of a modification of the discrimination hypothesis (Bitterman 
Fedderson, and Tyler, 1953). 

A fifth theory with no evidence in its favor is that young Ss 
especially handicapped in using information from a visual displal 
effectively when the reward is removed in some dimension from 
operant behavior. Pertinent dimensions are space, time, complexity 
attention. 

A sixth explanation is that the behavior of S was under the control ol 
E and Е unconsciously pressured the children to respond as they did 
The fact that the phenomenon appeared under three separate 
militates against this theory. 

Finally, while associationistic constructs can be used to explain 
results (S learns not to respond to the cue of emptiness) this experimen 
and others (Gladstone 1966a, 1966b, Gladstone and Miller, 1968) we 
suggested by the cognitive viewpoint. A 
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Operant Control of Infant Vocal and Motor Behavior 


W. C. SHEPPARD 
University of Oregon 


Differential responding under discriminative control in two concurrent 
responses, vocalization and leg kick, was achieved with an infant less than 
3 months of age. 

Both vocalization and leg kick were separately reinforced, placed under 
schedule control, and integrated into a disjunctive discrimination schedule 
in which each response was reinforced in the presence of a different dis- 
criminative stimulus; reinforeement and extinction were reciprocal oper- 
ations here since the S? for one response was an S* for the other response. 

The acquisition of differential responding under discriminative control 
clearly established that the behaviors under study were operants. 


The experimental task in studying infant operant behavior is three- 
fold: first, one must select a response class that is not tied too closely 
to eliciting stimuli; second, it is necessary to identify a stimulus that 
will affect the probability of occurrence of the operant without also 
having strong eliciting properties for other perhaps incompatible: 
responses; and third, it is necessary to demonstrate that the behavior 
change in the experiment is a function of operant as opposed to respond 
ent control. 
| The requirement that the response selected for study not be closely 
tied to eliciting stimuli severely limits one’s choice, since an infant ha 
only a limited behavioral repertoire, much of which is reflexive or is 
subject to multiple sources of control. 

The difficulty of identifying a reinforcing stimulus is compounded by 
the constraints imposed upon investigations of infant behavior. Primary. 
reinforcers such as food, water, warmth, ete., that have been shown tă 
be effective reinforcers for more mature humans and numerous other 
species require prior deprivation which many investigators are unwilling 
to use with human infants. The procedural difficulties involved in thé 
delivery of the reinforcers has also been a limiting factor. A further 
constraint is that the reinforcing stimulus should not have strong elici 
ing properties for the behavior under study or other incompatible 
behaviors. 

Finally, the demonstration of operant control requires that the pos 
sibility of alternative forms of control be rejected. As mentioned earlier, 

36 
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the behavioral repertoire of the human infant is highly reflexive. It can 
be argued that in an operant conditioning experiment, in which stimuli 
are presented following a response, that the stimuli presented are in fact 
eliciting the behavior and that any increase in the frequency of respond- 
ing is attributable to this. 

Several previous studies of infant behavior (Brackbill, 1958; Rheingold, 
Gewirtz, and Ross, 1959) have been criticized for not separating the 
eliciting from the reinforcing function of the stimuli presented. 

Recent research (Weisberg, 1963; Siqueland and Lipsitt, 1966) has 
been directed towards the refinement of experimental procedures and 
designs that avoid this problem. 

The most convincing way of meeting this argument is the establish- 
ment of differential responding under discriminative control in two or 
more conditions in which the reinforcing stimulus is presented with equal 
frequency and only the contingencies of reinforcement are varied. Since 
the frequency of reinforcement is the same in all conditions any differ- 
ential responding that occurs can be attributed solely to the control 
exercised by the contingencies of stimulus presentation. 

This study was directed at utilizing this design to provide a demon- 
stration of operant control over vocal and motor behavior, 

METHOD 
Subject 

'The second-born child of the Ё was the subject in this experiment. 
The delivery was full-term, normal and easy, The birth weight was 
934 pounds, which is slightly above average for male infants in the 
Middlewest, He was 10 days old and weighed 934 pounds when the 
experiment began and was 3 months old and weighed 17 pounds wlien 
the experiment ended. According to a periodic series of medical ex- 
aminations made by the University of Michigan Child Care Center, 
the infant grew and developed within the average range. He was Ae 
fed, had no digestive disturbances and experienced no illnesses for 
duration of the study. The S slept and was cared for in a — 
"air-erib" (T.M.L) that also served as the experimental "rm “4 ра 
infant was frequently out, of the erib on exeursions with the a n 
for play experiences at home. When the infant was in the qe дин 
stuffed animals and mobiles were provided. The infant T Tabla ci 
presented every evidence of being an unusually alert, comfortable, 


happy infant. 


Apparatus 


i i ilable plexiglass 
The experimental chamber was а commercially avai 
“sir-crib” (T.M.L) that also served as living quarters for the infant. 
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The experimental chamber was a commercially available plexigla 
external sounds. 

During experimental sessions a 24 by 36-in. piece of red translucem 
plastic was placed along one side of the crib and a 100-watt red light 
was placed behind the red plastic. 

Two response transducing devices were used. To measure the rate о 
vocalization a directional microphone (Altec, 633A) was placed in thi 
crib approximately 4-in. from the infant’s head. The microphone wa 
connected to a magnetic tape recorder (Tandberg, Model 64) and also te 
a fast-acting voice-operated switch (Miratel, Model V-1005-X) which 
was sensitive to and could separate all responses with an inter-respon 
time of 175 msec or greater. 

The second response transducer was a micro-switch mounted behind 
a hinged panel, 8 in. high by 19 in. wide, that was placed at one end 
of the crib with the infant positioned such that he could kick it. Th 
switch registered a response whenever it was depressed and released 

The outputs of both manipulanda were connected to control circuit y 
consisting of a cumulative response recorder (Gerbrands), time 
counters, and relay circuitry. The cumulative recorder stepped upward 
with each response, blipped down with each reinforcement, and market 
condition changes. Counters recorded the total number of response 
and reinforcements during each session. The recording and control 
circuitry were located in an adjoining room, 

Four different potentially reinforcing events were used. A small, 1 Ж! 
X %4-in,, vibrator, electrically pulsed six times a second was taped 
the infant’s right palm. A thin, flexible cord was used, allowing freedom 
of movement. A second device consisted of an aluminum box, 6 X 4 
2-in., with two small light bulbs, one red and one yellow, mounted on 
The bulbs flashed in alternation once every second. The box was plac 
at eye level beside the infant. The third device was a magnetic tap 
repeater (Mag-Matic) placed at the end of the crib. The tape used wa 
recording of the infant’s mother talking to the infant while nursing. 
mother continued to repeat the same monologue to the infant on su 
sequent feedings for the duration of the study, 

A recording of the mother's heart-beat, the fourth device, was 


once, 
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Procedure 


Before each experimental session the infant was briefly removed from 
the crib along with the bells, stuffed animals and mobiles, the experi- 
mental equipment was placed in the crib, and the infant was then 
returned to the crib. The infant was placed in a supine position for all 
sessions, clothed in a diaper and shirt, with the temperature regulated 
at 81°F, 

Sessions were usually run daily although there were several longer - 
lapses between sessions as well as two sessions occurring in a single day. 
Early mornings after feeding proved to be the best time for the sessions. 

Since the vocal response of an infant can be elicited by a number of 
conditions, which would interfere with and confound parts of this study, 
it was extremely important to remove all of the antecedents of respond- 
ent crying; special attention to feeding, burping, amount. of sleep, and 
schedule of defecation and urination was required with the timing of 
the experimental sessions determined by these factors. The infant was 
observed during sessions from a concealed vantage point. Wet diapers 
were changed immediately. If the infant began to defecate or fall asleep 
the experimental session was terminated and the data not counted. These 
events ocurred 2 and 3 times, respectively. ] 1 

There were 67 full sessions. The duration of the first thirty sessions 
was 30 minutes each. Later sessions were 20 minutes each. Experimental 
conditions are described below in ehronological order. 


Vocalization 
Operant level. The procedure described above was followed. ee 
operant level of vocalizing was measured for five sessions оа S 
the experimental apparatus was present in the crib. During these sessi 
no consequence followed the response. f і 
Continuous reinforcement. Continuous са dj Ped 
tingent on vocalization was initiated during sessions E 
red light, (SP) was on during all sessions. 
The first reinforcement session explored the use of a recording of 
the mother's heart-beat as a reinforcer. f 
In sessions 7 through 11 the vibrator was presented for a duration 
of 5 seconds contingent on each response. uM eee snc 
Intermittent reinforcement. The conditioning of Een bxc 
using CRF and reinforced by the vibrator for 5 ое парт 
during sessions 12 through 18 to intermittent rein sm abes 
ratio of one reinforcement for every three responses 


was on during all sessions. 
Multiple Re [MULT FR 8 DRO]. The two components of the 
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multiple schedule used in sessions 19 through 33 were FR 3 and differ- 
ential reinforcement of zero rate (DRO). The red light was correlated 
with the FR 3 component. The infant was reinforced with the vibrator 
for 5 seconds, while the red light was on, contingent upon the emission 
of three vocalizations. This contingency was in effect for a total of three 
reinforcements. The light then switched off and the infant was rein- 
forced with the vibrator for 5 seconds if he remained quiet for 30 sec- 
onds (this was reduced to 15 seconds after session 20 and further re- 
duced to 7 seconds after session 27). Every vocalization while the red 
light was off reset the timer. At the end of the silent period the infan 
was reinforced and the red light switched on indicating a return to the 
FR component. { 

Starting with session 28 the flashing lights and the recording of the 
mother's voice were used as reinforcers replacing the vibrator. 

The flashing lights and the recording of the mother’s voice were use 
ав reinforcers for the duration of the study. 

Multiple schedule [MULT FR 3 NONCONT REIN]. The two com 
ponents of the multiple schedule used in sessions 34 and 35 were FR 3 
and noncontingent reinforcement. The red light was correlated with the 
FR component and no light was correlated with the noncontingent rein: 
forcement component. The infant was reinforced with both the flashing: 
lights and the recording of the mother's voice for 5 seconds, while the 
red light was on, contingent upon the emission of three vocalizations for 
a total of three reinforcements. The red light then switched off and the 
infant was reinforced with the flashing lights and the recording of the 
mother’s voice for 5 seconds every 10 seconds for three reinforcement: 
independent of the infant’s behavior. The red light then switched om 
indicating a return to the FR component. 


Leg Kick 


Operant level. The operant level of leg kicking was measured d 
sessions 36 and 37. During these sessions no consequence followed 
response. 

Continuous reinforcement. During sessions 38 and 39 CRF contingent 
on leg kicking was initiated. The red light was on during all session! 
Reinforcement consisted of 5 seconds of both the flashing lights and tl 
recording of the mother’s voice. 

Intermittent reinforcement. The conditioning of leg kicking und 
CRF was extended during sessions 40 through 43 to FR 3 and then 
FR 5 during session 44 and 45. The red light was on during all sessioni 

Extinction. During sessions 46 and 47 no consequence followed th 
leg-kick response. The red light was off. 
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Reconditioning. During session 48 leg kicking was reinforced on an 
intermittent schedule of FR 5. The red light was on. 

Continuous reinforcement, CRF contingent on vocalization was re- 
introduced during session 49. The red light was off. 

Intermittent reinforcement. Vocalization was reinforced on a FR 3 
schedule during session 50 and 51. The red light was off. 


Vocalization and Leg-Kick 


During sessions 52 through 67 both vocalization and leg kick were 
reinforced on two concurrent multiple schedules. 

During sessions 52 through 54 in the first 10 minutes of the session 
vocalization was reinforced on a FR 3 and the infant was moved away 
from the leg-kick apparatus which was inactive. In the second 10 min- 
utes of the session the microphone was removed and inactive, and the 
infant was moved near the leg-kick apparatus and leg kicking was 
reinforced on а FR 3. The red light was correlated with the leg-kick 
component. 

In sessions 55 through 58 both responses were reinforced as above 
but the reinforcement conditions were alternated every 5 minutes, Both 
the presence of the microphone and the proximity to the leg-kick ap- 
paratus during the periods when they were inactive were faded in by 
allowing the infant to be closer to them during each successive session. 

In sessions 59 through 67 both manipulanda were present. Responses 
were reinforced as above with the reinforcement conditions alternating 
every 5 minutes. During the first and third 5-minute periods vocaliza- 
tion was reinforced on a FR 3 and leg kicking was extinguished. In the 
second and fourth 5-minute periods leg kicking was reinforced on a 
FR 3 and vocalization was extinguished. The red light was correlated 
with the leg-kiek component. Reinforcement and extinction di re- 
ciprocal operations here since the stimulus correlated with Ws m 
ment (SP) for one response is correlated with extinction (S4) for | 
other response, and vice-versa. Both the number of Ug Ar 
(8° responses) and the number of unreinforeed (S^ responses) during 


all sessions were recorded. 
RESULTS 


Vocalization dde 
Figure 1 shows the cumulative response records к оа чы 
Sessions 1 through 5, operant level; sessions 7 Е | ES Me 
reinforcement (CRF); and sessions 12 through 18, fixe ci eee 
forcement (FR 3). The average number of responses during the oy 
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200 RESPONSES 


FR3 


Oo 


CRF 


-=N Who 


OPERANT LEVEL 


م 
MINUTES‏ 10 


Fic. 1. Cumulative response records of vocalization in sessions 1 through 
(operant level), 7 through 11 (CRF), and 12 through 18 (FR 3). Age (10-23 d: 


level sessions was 43, during CRF sessions it was 100, and during FR 
sessions it reached 215. Responding in both CRF and FR 3 sessions 
marked by bursts of rapid responding followed by pauses. Towards 
end of many sessions the response rate declines. This is perhaps 
tributable to satiation or possibly fatigue. The most common respo! 
in these sessions were voiced and of short duration, although a numb 
of other sounds such as coughs, snorts, and sneezes also 

attempt was made to separate these. Cries, whines, and whimpers 
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occurred. Little responding was observed while the reinforcement was 
being delivered. 

Although the average response rate during the FR 3 sessions is five 
times greater than the operant level, this cannot yet be attributed to 
the reinforcing as opposed to the eliciting function of the stimuli pre- 
sented. To remove this ambiguity by separating these possible functions 
a multiple schedule (MULT FR 3 DRO) was introduced in sessions 19 
through 33. Differential responding during the two components of the 
schedule was not achieved. In fact the response rate remained greater 
during the DRO component. The time requirement initially selected for 
the DRO component, 30 seconds, proved to be much too long. That is to 
say, the infant seldom satisfied the criteria for reinforcement during 
the DRO component. DRO, therefore, operationally resembled experi- 
mental extinction. RS 

Vocalization in the first FR component of the schedule was similar 
to that in the conditioning phase. However, after several unreinforced 
responses during DRO the topography of the response changed to crying. 
Attempts to remove this problem by shortening the DRO requirement 
from 30 seconds to 15 seconds and later to 7 seconds failed to eliminate 
the crying. The apparent elicitation of crying resulting from unrein- 
forced responding in DRO completely interfered with the establishment 
of discriminative behavior. 

In sessions 34 and 35 a second multiple schedule (MULT FR 3 
NONCONT REIN) was introduced. Differential responding was not 
established. The response rate during the noncontingent ка 
component was approximately the same as during the FR uet о 
The response rate during the noncontingent reinforcement phase di 
not deerease since the infant continued to respond as in the FR cond 
ponent and therefore received reinforcement following vocalization. This 


served to increase the response rate о spa Pom M 
2 ; 5 the abandonment 0: 
development of erying precipitated shifted at this point to 


after two sessions. The research strategy was att 
achieving control over two operants, leg kick and E 
integrating these together into а schedule in which both ope 


under diseriminative control. 


Leg Kick | n 

Figure 2 shows the cumulative response records of sessions Pin | us и 
48 in which the leg-kick response was studied. The dur и 
responses during operant level (sessions 36 and 37) ahs see 
tingent upon leg kick (sessions 38 and 39) increased the ee à у p 
of responses per session to 78, intermittent reinforcemen: 
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200 RESPONSES 


OPERANT LEVEL 


سم 
MINUTES‏ 10 
Fic. 2. Cumulative response records of leg kick in sessions 30 and 37 (operant‏ 
level), 38 and 39 (CRF), 40 through 43 (FR 3), 44 and 45 (FR 5), 46 and 47 (EXT)‏ 
and 48 (FR 5). Age (40-59 days).‏ 


45) further increased this to 193 during the FR 3 sessions and 310 during 
the FR 5 sessions. The average inter-response time! for the FR 5 sessions 
is approximately 3 seconds. This high response rate was maintained for 
the entire 20-minute sessions with little apparent fatigue. Only a few, 
short, postreinforcement pauses can be seen in Figure 2. 

The topography of the response became highly differentiated. Two 


"The average inter-response time was arrived at by subtracting the time 
reinforcement was being presented (62 reinforcement X 5 see = 5:10) from 
duration of the experimental session (20 min — 5:10 min — 14:50 min) and dividi 
the average number of responses by this time (310/14:50 — 287 sec). 
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distinct response patterns developed. The first was alternation with one 
foot pressing and releasing the panel followed by the other foot pressing 
and releasing the panel. The responses were quite vigorous, to the point 
of producing loud noises and vibrating the crib. During early sessions 
the infant occasionally kept one leg extended against the panel and 
failed to release the miero-switeh and thereby register a response. This 


latter dropped out and the response became a smooth extension, flexion 
movement. The second response pattern was executed with one foot, 
typically the right, resting on the heel with the toes in contact with the 


panel. A slight depression of the panel and its release was accomplished 
with little effort by the toes alone. Prolonged depression of the panel 
was not observed to occur as often as with the vigorous kicks. The sec- 
ond response pattern appeared to be somewhat more common although 
no measure of their relative frequency was made. There was little 
responding during the time when the reinforcement, was being presented. 
However, in latter sessions the infant would often depress the panel 
during reinforcement and release it as soon as the reinforcement ter- 
minated, thereby registering a response. До. 
Extinetion of the response сап be seen in Figure 2. Examination of 
the cumulative response records of sessions 46 and 47 shows that most of 
the responses in extinction, an average of 142 responses per session, 
occurred early in the session in rapid bursts followed by prolonged 
breaks in responding. This is consistent with what is characteristically 
found in extinction following fixed-ratio reinforcement | (Ferster and 
Skinner, 1957, p. 57). Spontaneous recovery at the beginning of the sec- 
ond extinction session is evident. During extinction the response topog- 


raphy shifted to vigorous kicking. The infant Mum in d Ma 
alternative behaviors such as chewing on a fist, fixa чакыр Шү 


of the environment and crying when he was noi, respon 

occurred while he was responding during extinction. — 48, returned 
Reconditioning of the response on a FR 5, during session +9, n 

the response rate to its previous level during FR 5 reinforcement. 


Vocalization 
sessions 49 through 51 as shown 


Vocalization was reconditioned in tn Figure 3. ‘The response 


in the cumulative response records presented ٤ 
rates, 111 responses in CRF, 168 responses in the first FR E Sees p? 
240 responses in the second, are somewhat higher mu T. Rs M 
prior vocalization sessions under the same schedules. o a ee 
response rate towards the end of the sessions, as in the prior у 34 


tion sessions, was observed. 
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200 RESPONSES 


10 MINUTES 


Fic. 3. Cumulative response records of vocalization in sessions 49 (CRF), 50 
and 51 (FR 3). Age (60-62 days). 


Vocalization and Leg Kick 


During sessions 52 and 67 both vocalization and leg kick were studied. 
Sessions 52 through 58 were devoted to gradually introducing hoth 
manipulanda into the experimental situation. In Figure 4 is plotted the 
number of reinforced (S^) responses and the number of unreiníorced 
(S^) responses for (A) vocalization plus leg kick, (B) vocalization 
alone, and (C) leg kick alone. Initially the number of 8° and S* responses 
were approximately the same for A, B, and C. In sessions 60 and 61 
there was no differential responding as the response rate decreased to 
about, one-half its level during session 59 as a result of both responses 
undergoing extinction during Sû, Greater 8° responding is evident start- 
ing in session 62 and continuing to increase through session 67. As can 
be seen in Figure 4 the differential responding developed for both (B) 
vocalization and (C) leg kick. Differential responding within the five- 
minute blocks adjusted rapidly when the discriminative stimulus was 
changed. The percentages of all vocalizations and leg kicks that were 
S^ responses, all vocalizations that were S? responses, and all leg kicks 
that, were S? responses in sessions 59 through 67 can be seen in Table 1. 
The proportion of S? responses increases from chance level in the early 


sessions until about three out of every four responses in the final sessions 
are S? responses. 


DISCUSSION 


This study has presented a demonstration of differential responding 
under discriminative control for both vocal and motor operants in & 
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TABLE 1 


Tur PERCENTAGES ОР ALL VocaLIZATIONS AND Lec Kicks THAT Were SP 
Hsrossks, ALL VocALIATIONS THAT WERE SP Responses, AND ALL Ікс 


Sessions 


59 
00 
01 

62 
63 
04 
65 
06 


07 


Ета. 4. 5° and 5° responses for (A) 


Kicks Tuar Were 89° RESPONSES IN Sessions 59 THROUGH 07 


Vocalization 

and leg kick Vocalization Leg kick 
52 .48 .56 
49 4 .46 
49 .59 41 
5 51 Ni 
.63 .73 .55 
67 .65 .68 
E .02 :66 
.73 .76 .69 
.72 .69 Nn 


e— S? Responses 
(A) VOCALIZATION ANO LEG KICK a-s S* Responses 


RESPONSES 


RESPONSES 


RESPONSES 


62 63 64 65 66 67 
SESSIONS 


vocalization and leg kick, (B) vocalization, and 


59 60 6! 


(C) leg kick. Sessions 59 through 67. Age (75-83 days). 
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human infant less than 3 months of age; it has, also, developed an ex 
perimental procedure for the analysis of infant operant behavior, iden- 
tified reinforcers, and achieved schedule control over responding. 

This is the first demonstration of differential responding under dis 
criminative control for both vocal and motor operants in a human 
infant under three months of age. Discriminative control of differen 
tial responding in two concurrent responses is the strongest argument 
that can be advanced to establish that the behaviors under inyestigation 
are operant. 

Previous research on the conditioning of infant vocal behavior (Rhein 
gold et al., 1959, Weisberg, 1963) have been short-term studies, from 6 
to 8 days, with short experimental sessions, from 3 to 10 minutes, and 
have used 3-month-old infants. By contrast the present study spans 
21% months, from 2 weeks of age to 3 months, and employed experimental 
sessions of 20- and 30-minutes duration. Both prior studies found an 
increase in the number of vocalizations during conditioning session 
using social reinforcements, from about four responses per minute to 
seven responses per minute in the first study and from one response per 
minute to three responses per minute in the second study. In the presen 
study the rate of vocalization increased from a baseline of about 1 
responses per minute to seven responses per minute in sessions 12 
through 18, and during reconditioning of vocalization in sessions 4! 
through 51 to an average rate of twelve responses per minute in the 
final session. It should be noted that the presently obtained respons 
rates are not directly comparable with those of Rheingold e£ al., and 
Weisberg since all sounds were automatically recorded, while in the 
latter two studies, voiced sounds were mainly recorded and reinforced. 

The leg-kick operant in infants has a great deal to recommend i 
The response is not subject to multiple sources of control; infants сай 
perform it rapidly with little effort, and no apparent fatigue; the operant 
level is above zero and the maximum response rate is quite high; and 
transducer for the response is extremely simple and easily constructed: 
Given all of these characteristics it would be an excellent response to 
utilize in future studies. 

A comparison of the present research with prior studies of the condi 
tioning of motor operants shows, in terms of the response rates obtained 
that the study by Bower (1966) bears the closest resemblance. The 
average inter-response time obtained in this study, 3 seconds, is slightly 
higher than that obtained by Bower, 2 seconds, in his study of visu 
perception in infants using head movement as the response. The pro: 
cedure employed in Brackbill’s (1958) study limited the increase й 
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response rate to from 215 responses in 5 minutes to five responses in 
5 minutes. 

Siqueland and Lipsitt (1966) demonstrated operant control over head 
movement with infants under 4 days of age. They achieved differential 
responding under discriminative control using a discrete trial procedure, 
in which responses to a tactile stimulus were differentially reinforced 
in the presence of two auditory stimuli. Since a discrete trial proce- 
dure was employed no rate measure was obtained. 

The development of a successful experimental procedure for the 
analysis of infant operant behavior was arrived at only after several 
other procedures were employed and rejected. The problems encountered 
with the first multiple schedule were avoided through the use of two 
concurrent multiple schedules. The development of crying during the 
MULT FR 3 DRO as a result of the occurrence of unreinforced re- 
sponses, although interesting in itself and worthy of investigation, 
completely thwarted early attempts to control operant vocalization. 
Infant erying as a result of unreinforced responding has been reported 
in other studies (Rheingold e£ al., 1959; Brackbill, 1958; Heid, 1965) and 
appears to be a general finding. This suggests that it would be wise to 
avoid the use of extinction sessions with infants when studying vocal 
behavior, unless one is specifically interested in the elicitation of crying 
under an extinction procedure. 

The development of crying during the MULT ЕВЗ NONCONT REIN 
appeared to be related to the high rate of responding. that occurred, 
although it should not be concluded that there is a definite relationship, 
since a high rate of vocalization was maintained in sessions 7 through 
18, see Figure 1, without the development crying. à 

For studies whose primary purpose is to provide a demonstration that 
specific responses of an infant are subject to operant control the use of 
two concurrent responses, аз in this study, is highly recommended. The 
chief limitation for the usefulness of this procedure is the possibility that 
the conditions might promote the emergence of superstitious behavior. 

We cannot tell from the data how age dependent were the failures 
and successes of this study. Because of the variation in the procedures 
employed, we do not know if conditions used late in the study would have 
been effective earlier; nor do we know if those conditions used earlier 
would have been effective if the infant had been older, The study of more 
infants within this age range would clarify this. 


rocedure not to be overlooked or minimized in im- 


A facet of the p i 1 
portance was the location and timing of experimental sessions. A study 


of this nature would have been extremely difficult to conduct in any 
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location other than the infant’s home. The necessity of having the infant 
contented (i.e., free from noxious eliciting stimuli) and alert has pre- 
viously been emphasized. It required careful observation for the entire 
study and constant attention and care prior to an experimental session 
to satisfy these requirements. Even then, it was not always possible to 
satisfy the requirements every day or to prediet correctly that they 
were satisfied. 

There were four reinforcers employed in this research. The first, а 
recording of the mother's heartbeat played through a speaker in the 
crib, was only used once. Salk (1966) found that a similar recording 
when played continuously in the nursery had а quieting effect on new- 
borns. It seemed plausible, therefore, that a recording of heartbeat 
played for 5 seconds might function as а reinforcing stimulus. It. was 
introduced in session 6 on CRF. Following the first response the heart- 
beat began, the infant appeared unusually alert while it continued for 
5 seconds, then when it terminated the infant emitted a scream that was 
quite unlike any it had produced before; this in turn started the heart- 
beat again and the infant was quiet until it terminated at which point 
he screamed. This pattern continued until the session was stopped and 
the infant removed. The possible reinforcing effects of the heartbeat were 
overwhelmed, perhaps, by the aversiveness of its termination. 

The second reinforcer, the vibrator, appeared to be quite effective, 
the only exception being the decline in response rate observed at the 
end of some of the sessions between 7 and 18, which was perhaps at- 
tributable to satiation with the reinforcer. The fact that the decline 
could also be the result of fatigue led to the reduction of the duration 
of the sessions from 30 minutes to 20-minutes. 

The vibrator was replaced by the flashing lights and the recording 
of the mother's voice in the continuing search for a strong reinforcer. 
This combination proved to be so effective that it was used for the 
remainder of the study. The strength of the mother’s voice as a secondary 
reinforcer may. have been maintained by having the mother repeat the 
same monologue on the tape to the infant during every feeding. The 
effectiveness of the lights alone or the mother’s voice alone was not 
studied. 

The success of the procedure was also dependent upon the choice of 
a suitable discriminative stimulus. To be most effective, a discriminative 
stimulus in studies with infants should not require an orienting re- 
sponse by the infant and the stimulus ought to affect a different 
sensory modality than the reinforcing stimulus, A tone, if an auditory 
reinforcer is not being used, or a pervasive light, as in the present study, 
are reasonable choices. 
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Response of the Human Infant to Level of Complexity of 
Intermittent Visual Movement" 


MARSHALL M. Hars,’ WILLIAM Kessen, AND Doris Conus 


Yale University 


Three levels of visual stimulus complexity were presented to three 
independent groups of 12 2- to 4-month-old infants. The stimulus was a 
light which changed position 32 times in a 24-second experimental (E) 
trial. Three complexity levels were created by varying the predictability 
of the direction of light movement. 

Six 24-second E trials alternated with seven 24-second control (C) trials. 
S was shown the same movement pattern on the first three E trials. On the 
last three E trials only four Ss in each of the three complexity groups 
continued to see the same pattern. The remaining Ss in each group were 
shifted to one of the two levels of stimulus complexity not yet experienced. 

The dependent variables under observation were limb movement and 
sucking frequency. In the preshift phase of the experiment, limb movement 
was suppressed by the most simple and by the most complex levels of 
stimulation but was facilitated by the intermediate level. The response of 
hands and feet, although concordant over levels of some variables (e.g. 
preshift complexity) did not always correspond. There was a suggestion in 
the later phase of the experiment that a derived score representing a 
pattern of limb suppression was sensitive to changes in complexity level. 
Sucking behavior was fairly consistently suppressed by stimulation through- 
out the experiment. No systematic habituation of responsiveness was found. 


Several investigators believe that the increasing ability of the child 
to organize stimulus information constitutes an important part of 
perceptual, cognitive, and intellectual development (Bruner, Olver, and 
Greenfield, 1966; Hebb, 1949; Kagan and Lewis, 1965; Miller, 1956; 


*The present investigation and the analysis and preparation of this paper were 
supported by a U. S. Public Health Grant HD-0890 to William Kessen, by a grant 
from the Carnegie Corporation of New York to William Kessen, and by a U. 8. 
Public Health Grant HD-2680 to Marshall Haith. The actual research was carried 
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Mrs. Carol Belove, Mr. Peter Gross, Mrs. Margaret Moore, Miss Karen Stoutsen- 
berger and Mrs. Margaret Yarsawich assisted in the scoring of the data. Special 
gratitude is owed all the mothers who cooperated in the study. Portions of this 
report were read at the American Psychological Association meetings in New York, 
September, 1966. 

* Now at Harvard University. 
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Munsinger and Kessen, 1966), A central internal process is postulated 
which organizes many stimulus events into categories whether the result- 
ing entity be called a "schema," a "structure," or a "chunk." Organization 
has been thought of as a kind of encoding process which enables the 
subject to perceive and to respond to whole configurations of stimulus 
elements or events rather than to each particular element in turn. For 
instance, the child may encode the stationary or moving configuration 
of eyes, ears, а nose, lips, and mouth by constructing а “face” category. 
This process of construction relieves the child of the requirement to 
respond to every detail of his environment. 

It has further been assumed that the child tends to process stimulus 
elements which are neither too familiar nor too unfamiliar, That is, 
cognitive change occurs to an incomplete (rather than absent) organiza- 
tion of the stimulus input. If the input has been completely coded it will 
produce boredom. If the input is too discrepant from any existing organi- 
zation it will either be feared or ignored. The typical prediction from 


these ideas has been that there exists an optimal level of stimulus 


ct and engage the child, 


property is the amount of stimulus informatio 
organized; the second property is 
present organization which is optimal for cognitive | Make! 
. One problem in testing the foregoing propositions = "— 
ficulty of defining a dimension of stimulation which als нак: eds 
continuum of organization. A dimension of €—À үү 
proposed has been stimulus complexity (Attneave, 1954; Be dm Aie 
Dember and Earl, 1957). Although there is some Lco agp ve 
mediate amounts of stimulus complexity are рак vendit (Н : 
complexity, investigations have not juced uni p азир эы e. 
son, 1964; Munsinger and Kessen, 1966; кода, 2 Sor atra i ix 
The most frequent indication of stimulus pre cron nis, 1908, 1907; 
been visual attention. ees -— ran 1966; ] 
Hershenson, Munsinger, and Kessen, AAW. — 
The present study was carried out to investigate the шры гаа 
levels of stimulus complexity—i.e» predictability o n = 
on limb movement and sucking. Moreover, SS weal he attested ter 
the response to a particular level of complexity Pod the totaal 
prior exposure to a different level. That is, we "t apr родена. 
response would be to a shift, up ОГ down, in 


ted. ing in number, 
P" kagan and Lewis (1965) showed patterns of lights varying 2 
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complexity, and area of stimulation to 2- to 4-month-old infants and 
found no clear effects of these patterns on heartrate and looking time, 
Cohen (1966) also used patterns of blinking lights as stimuli for infants 
and found a tendency for them initially to look longer at patterns which 
showed an intermediate number of position changes. 

The manipulation of complexity chosen for the present study was the 
predietability of directional shifts in a sequence of lights because (1) 
it was felt that stimulus movement would capture the infant’s attention 
and elicit active ocular involvement, and (2) the use of a movement 
Sequence permitted holding constant the number of stimulus elements 
presented, their order of presentation, the rate at which the elements 
were presented, the area of stimulation, and the distance of a shift from 


one element to the next, while varying only the predictability of the 
direction of movement. 


METHOD 


conducted classes on infant care, told expectant mothers about the study. 
Mothers were paid only for taxi fare and for babysitting fees for older 


ment failures (N = 5) or because infants rejected the pacifier which was 
used in the experiment (N = 9), cried (N = 9), or fell asleep (N = 2). 
The remaining 36 Ss were assign 
experiment, 


windows were mounted on two walls of the room to permit observations 
of the experiment from adjoining sound-insulated alcoves. Recording and 
switching equipment were kept in one of these alcoves; the mother ob- 
served the experiment from the second. 

The modified Skinner crib was used to hold a mattress, a head rest, & 
motion-picture camera, a stimulus indicator box, a stimulus panel, and 
the baby (Fig. 1). The roof and ends of the crib were 24 X 18-inch inter- 
changeable plywood panels; a plexiglass panel on one side was fixed, а 
plexiglass panel on the other side could be slipped up and down. 

A black masonite stimulus panel, 12 X 12 X 2% inches, housed 36 
Dialeo lightbulb sockets in the form of a 6 X 6 matrix. Only nine sockets, 


Fro. 1. Observation crib i study. camera о : 
mately by dashed lines — i vs C 
* 
m. 


EDS dee 
ме аррагабав, the lights, and an intertrial-interval 
g efficiency of the power supply i 


70DL motion-picture camera Í 
-picture equipped with an uj 
lens was used, The camera was loaded with Kodak Tix 
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During the entire experiment a repeating timer operated the camera once 
each second (exposing one film-frame per second) through a Sodeco 
solenoid which was attached to the “start” button. The camera and i 
attachments were housed in a Celotex-lined sound-suppressive wooden 
box. The field of the camera included the whole baby and a stimul 
indicator box which housed six lights. From the pattern of illuminate 
lights in the stimulus indicator box on the developed film-frame, the 
prevailing stimulus condition could be determined. 

A cloth sling headrest held. the baby’s head toward midline ani 
eliminated side vision. A pacifier was attached to one of the headrest 
support arms by a firm rubber tube, within which Ў smaller tube гай 
from the nipple to a Statham P23AC pressure inane The transducer 
output voltage from the resulting closed-pressure s; was routed to & 
Model 5Р1 Glass preamplifier and driver amplifier. A relay connected їп 
series with a diode across the output terminals of the driver amplifier 
switched on each time the infant sucked on the pacifier. The closed rela; 
contact made a connection between a 6-volt battery and a pen magnet 
on a Brush B1 202 continuous paper recorder. The result was а digita 
record of sucking behavior; A second pen on the recorder was activated 
by the intertrial-interval timet:to indicate stimulus termination or onset; 

Procedure. All infants were brought by-their mothers to the laboratory. 
The infant was given 5 or 10 minutes to adapt to the unfamiliar в 
roundings during which time one of the Hs described the purpose and 
procedure of the experiment to the mother. Then the mother removed 
the child’s outer clothing leaving the child only in diapers and an unde 
shirt. The mother placed the child on his back on the mattress in th 
baby crib with his head in the cloth sling headrest. E adjusted 
pacifier until it seemed comfortably positioned in the mouth of the S 
All lights were turned off with the exception of a 40-watt fluorescent 
lamp which directly illuminated the ceiling of the crib and indire 
illuminated the child. The movable plastic side panel was raised a fe 
inches. One E stayed in the experimental room out of S's view; the оће 
went to the instrument alcove. 

The stimulus panel was 10-12 inches above the child's head, perpen: 
dicular to his line of sight. Under these conditions, the stimulus light 
occupied approximately 20-24 degrees of the child's visual field. Seve 
24-second control (C) trials were presented in alternation with six 
second experimental (E) trials without interruption. During а C trial onl; 
the top center light of the 3 X 3 bulb array was illuminated. Durin 
an E trial the lamps on the stimulus panel were sequentially illuminate 
one by one, in accordance with the following rules: 
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1. Only adjacent bulbs were sequentially illuminated; these were 
horizontal or vertieal to one another (ie., diagonal movement was not 
permitted). 

2. Only one light was on at a given moment. 

3. In each E period 32 position changes occurred at a constant rate 
of one every 750 milliseconds. 

4. All sequences began and ended on the same top-center light. Only 
one lamp was always lit throughout the experiment. The sequential 
flashing of lights gave the impression to an adult, not of phi movement, 
but of a light which intermittently moved and stopped. Within the above 
constraints three categories of "movement sequences” were generated. 

A. Least complex. The light made 8 steps (4 cycles/trial) around the 
perimeter of the matrix in a clockwise or counterclockwise direction. 

B. Intermediate complexity. The light made 16 steps (2 cycles/trial) 
in a clockwise or counterclockwise direction but was not constrained to 
*he perimeter of the matrix. 

C. Most complex. The light made 16 steps (2 cycles/trial) and moved 
randomly. 

Patterns B and C were designe 
of these three levels of complexity 
Fig. 2. For a given trial, pattern A was presented f 
patterns B and O were each presented twice. 3 

The three levels of complexity were each presented to an independent 
group of twelve Ss on the first set of three E trials. On the second set 
of three E trials four Ss in each group saw the same movement sequence 
that they had seen on the first three trials, A different four Ss in each 
group were shifted to one of the complexity levels that they had not 
seen earlier. The remaining four Ss were shifted to the other level of 
complexity. These subdivisions resulted in nine groups (О) of four Ss 
each in the main experiment. Two Ss in each cell were presented clock- 


d independently for each S. Examples 
of movement sequences are shown in 
our times, while 


LEVEL B LEVEL C 


used in the study. Level A is the low-com- 


LEVEL A 


Fic. 2. Examples of light patterns А E К 
plexity pattern; level B is one of the intermediate-complexity patterns; lev 
one of the high-complexity patterns. 


el C is 


x 
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wise movement and two Ss were presented counterclockwise movement (a 
variation not relevant to level C) in all E presentations. 


RESULTS 
Limb Movement Д 

Hand and foot movement were scored by a procedure deseribed by 
Haith (1966b). Briefly, a single-frame image of the 
projected onto a 6 X 6-foot projection screen. A grid consisting of 120 
vertical and 120 horizontal wires stood parallel to the screen, one-half 
inch in front of it. When опе of the wires of the grid was touched by а 
metal probe, a number representing the coordinate position of the wire 
was automatically punched into an IBM data card. A scorer touched 
the probe to each of the four pairs of intersecting wires closest to the 
hands and feet of the baby thereby recording the coordinate position of 
each limb, Every other film-frame (corresponding to every other second 
in real time) was scored.’ A computer program calculated the change of 
position (i.e., movement) of each limb between successive frames. The 2- 
second movement score was the basic datum of analysis.“ 

Each of the seven 24-second C periods and each of the six 24-second Е! 
periods was subdivided into four 6-second intervals (I). A mean 2-sccond 
movement score was calculated for each I from three 2-second scores. 
Hand movement and foot movement were computed separately. 

‚ Absolute limb movement. A six-way analysis of variance of absolute 
limb movement on all trials was carried out to evaluate the main factors 
of groups (G), limbs (L), intervals (I), set (S, preshift vs. postshift), 
number of presentations (N, Trials 1, 2, and 3 in each set) and treat- 
ment (T, E vs. C). All variables, with the exception of С, were within-S 
variables.* 

The levels of three main factors—Set (F(1, 27) = 5.53; р < 05), 

* Preliminary analyses of the data of three Ss at intervals of 1, 2, 3, 4, and 5 
seconds indicated that the 2-second interval was the best compromise between 
precision and economy. 

*It was necessary to supply missing movement data for some 
either because of instrument failures or because the nipple had to be replaced in 
the infant's mouth by E. When the nipple fell out of the S's mouth E waited for 
about 5 seconds and then replaced it. Data were substituted on the basis of row 
and column means during the 4 seconds preceding and the 4 
replacement. An appropriate number of df was subtracted from the error terms in 
the analyses of variance to compensate for the substituted scores. If a S had the 
nipple replaced more than three times, his data were not used. The same procedure 
was followed in substituting missing sucking data. 

* All within-S factors and their interactions in this and subsequent analyses were 
tested against the appropriate nonpooled 8 x Within-Faetor interaction. 
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1 nterval (F(3, 81) = 4.36; p < .01), and Number of presentations (F (2, 
54) = 6.83; p < .01)—were reliably different and the interaction of 
a ee factors (S ХІХ N) was also reliable (F(6, 162) — 2.53; 
p Д . 

The general trend for all three variables, S, I, and N was an increase 
in absolute movement over time. The 5 X I X N interaction is plotted 
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Fig. 3. Absolute limb-movement scores across the course of the study, for all 
groups, E and C trials combined. 


If the secular trend over time is ignored, the finding that emerges is a 
curvilinear relation between the number of trials and the difference 
between interval means within a trial. The interval curve is relatively 
monotonic on Trial 1, becomes somewhat nonmonotonic on Trial 2, 
reaches a maximum of nonmonotonicity on Trials 3 and 4, and then 
returns gradually to monotonicity on Trials 5 and 6. Thus, Ss’ movement 
increased over the course of the experiment and presumably their sensi- 
tivity to stimulus change first increased and then decreased whether 
to onset or offset. ' 
Movement difference scores. The analyses of absolute movement did 
not use the information contained in responding during the baseline 
control immediately before an E period. Therefore, scores for experi- 
mental trials were calculated for hand movement and foot movement 
in the following manner. Each of the four interval scores in an E trial 
was subtracted from a baseline score. The baseline was the average of 
the last two interval scores in the C trial which immediately preceded 


the E tri ideration. Limb-movement difference scores from 
he E trial under considera! a 


two parts of the study were analyzed separately. Data 
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SUPPRESSION 


AMOUNT OF CHANGE IN LIMB MOVEMENT 
FACILITATION 


LEVEL OF COMPLEXITY 


Fic. 4. The relation between stimulus complexity and limb-movement difference 
scores (change from baseline). 


to a shift in stimulus conditions (Set 1) were analyzed separately from 
data collected after a shift in stimulus conditions (Set 2). 

Analysis of limb-movement difference scores on Set 1 experimental 
periods. An analysis of experimental difference scores was carried out 
on the Set 1 preshift data. The four-way analysis included one between- 
S variable, complexity, (Com) with 12 Ss at each of the three complexity 
levels. The three within-S variables were L, N, and I. 

The complexity factor (F(2, 33) = 4.37; р < 05) and the LX N 

interaction (F(2, 66) = 5.40; р < .01) were reliable. The difference 
Scores as а function of level of complexity for hand and for foot move- 
ment are plotted in Fig. 4. It should be noted that positive scores indi- 
cate suppression of movement while negative scores indicate facilitation 
or increased movement in E intervals relative to the baseline. 
Movement decreased when stimulus sequences A and C were presented. 
However, movement increased when sequence B was presented (A vs. В, 
p < 05; B vs. C, p < .01; А vs. C, n. в.). It is important to note that the 
baseline levels on which the difference scores for the three complexity 
groups were based were approximately equal. 

Although the limbs did not differ in response to differences in com- 
plexity level the plot of the L X N interaction in Fig. 5 indicates that 

the limbs behaved differently across the three stimulus presentations. 
A decrease in hand movement did not occur on Trials 1 and 3 but it 
did occur on Trial 2. Foot movement also was suppressed only a slight 
amount on Trial 1, but appeared to increase on Trial 2, and then, on Trial 
3, was dramatically suppressed. 

Analysis of limb-movement difference scores on Set 1 control periods. 
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Ап analysis on Set 1 C trials identical to that on Set 1 E trials was 
carried out to study the effects of stimulus termination. The baseline 
for C trial difference scores was an average of responding in the preceding 
12 seconds of E stimulation. The Com and I factors were reliable. The 
Com funetion for C trials (F(2, 33) = 4.43; р < .05) mirrors that for 
E trials, perhaps because the baseline score for a C trial was based on 
the last two intervals in the preceding E trial. 

The I function (F (3, 99) = 5.44; p < .01) for C trials, which was not 
predietable from the E baseline level, is shown in Fig. 6. One might 
have expected the interval difference scores for control periods to show 
a linear trend toward greater movement (facilitation) thereby reflecting 
the overall trend over time shown in Fig. 3. It can be seen that there 
is virtually no change during Interval 1, a decrease during Interval 2, 
and then a return to inereased movement during Intervals 3 and 4 (2 vs. 
3 or 4, p < .01). The stable suppression of movement in Interval 2 sug- 
gests that termination of stimulus movement exerts a systematic influence 
on behavior but requires several seconds before the effect is manifested. 
For comparison’s sake, the I function for E trials, which did not show 
statistically reliable variation is also shown in Fig. 6. 

Although additional analyses on control-trial responding were carried 
out none revealed systematie effects. Therefore these analyses will not 
be discussed in further detail. j 

Analysis of limb-movement difference scores on Set 2 experimental 
periods. An analysis of variance of limb movement was carried out on 
E difference scores on the postshift set of trials. The Ss were blocked 
into three groups on the basis of preshift complexity. The resulting 
analysis contained five factors—Blocks (Bk), Com, L, T, and Nina 
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AMOUNT OF CHANGE IN LIMB MOVEMENT 
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INTERVAL 


Fra. 6. The relation between intervals, Е and C trials of Set 1, and limb-movement 
difference scores (change from baseline). 


3 X3 X2 X 4X 3 mixed design. None of the main factors produced 8 
reliable effect on movement. 
A reliable three-way interaction of Bk, Com, and L (F4, 27 = 4.50) 
P < .01) suggests that the preshift complexity level affected the response 
to the postshift complexity level in a functionally different way for hand 
and feet. Stated in another way, the discrepancy between hand and foo 
difference scores on the second set of E trials was determined by partic: 
ular eombinations of preshift and postshift complexity (A-A vs. A-B, 
P < .01; А-А vs. B-A, р < 01; А-А vs. C-A, p= 05; C-C vs. C-A 
p < 01; C-C vs. С-В, р < 05; C-C vs. A-C, p< 01; C-C vs. B-C 
p < .05; А-А vs. C-C, p < .01; B-B vs. C-C, р < .01; all other com 
parisons, p > .05). To help in a tentative explanation of the discrepancy 
between the behavior of hands and feet, a new score was calculated. Thi 
discrepancy between difference scores of hands and feet (Dhands 
Dfeet) —movement-suppression pattern (MSP)— was plotted for all nin 
groups. А graph of the МӘР scores is shown in Fig. 7 with the Set 
MSP scores fixed at an arbitrary zero origin. It can be seen that the MSE 
scores for the three noshift groups, A-A, B-B, and C-C, are strikingly 
different with the magnitude of hand suppression over foot suppres 
increasing in Set 2 for the A-A group, remaining the same for the 
group, and decreasing for the C-C group. It is also of interest to no 
that the change score for the shifted groups is the same in size 
direction for similar terminal levels of complexity independently of th 
initial level. That is, an almost identical change is found for ће Act 
and B-C groups, for the А-В and С-В groups and for the B-A and C- 
groups. To summarize, when Ss were shifted from one level of complexitj 
to another, only the terminal level determined the size and direction û 
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the change in the MSP score. When Ss were not shifted, the MSP score 
was а funetion of complexity level in both Set 1 and Set 2. For reasons 
that are by no means obvious, A-A Ss showed relatively higher hand- 
movement suppression in Set 2 while C-C Ss showed relatively higher 
foot-movement suppression. 

Sucking 

Ав in the сазе of limb movement, analyses were carried out on suck- 
ing during four 6-second intervals for seven C periods and six E periods. 
The absolute sucking scores represent the average number of sucks 
during 2 seconds of real time. 

Absolute sucking. A 5-way analysis of variance of absolute sucking 
was carried out to evaluate the main factors of groups (G), intervals (I), 
set (S), number of presentations (N), and treatment (T). All of these 
variables, with the exception of G, were within-S variables. 

The only major factor that was stable was T. E-Period sucking was 
reliably lower than C-period sucking (F(1, 27) = 12.57; p < .01). The 
GXN (F(16, 54) = 220; р < .05) and the Sx NX T (F(2, 54) = 
3.72; p < .05) interactions were also reliable. As can be seen in Fig. 8 
there was a tendency for sucking to inerease over time during control 
trials. However, for the experimental trials, with the exception of Trial 1 
sucking, which is depressed, sucking rate over time remained relatively 
constant. DN A 

Figure 9 shows the change in overall sucking rate with time for E and 
C trials combined. This graph сап be compared with Fig. 3 which shows 
the same functions for limb movement. It can be seen that the general 
trend for sucking, as for movement, is toward an increase over time but 
that the functions are not parallel in detail. 
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Fic. 7. Movement-suppression pattern (MSP) after shift of stimulation with pre- 


shift values set arbitrarily at zero. 
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Fic. 8. Absolute sucking scores across the course of the study, for all group 
intervals combined. 

Sucking difference scores. The method used for deriving movemen 
difference scores was used to derive sucking difference scores. 

Analysis of sucking difference scores on Set 1 experimental trials. А 
analysis of sucking difference scores for the first set of trials was pel 
formed in a 3 X 4 X 3 design with Com, I, and N as the main factors 
The only reliable finding was that for N (F(2, 66 = 3.59; p < .05). 
greatest suppression of sucking occurred on Trial 1. On Trial 2, 
was a slight increment in sucking. Although the general shape of 
function relating sucking activity to complexity level was similar to 
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Fra. 9. Absolute sucking scores across the course of the study, for all groups, 
and C trials combined. { 


‘The baseline control level from which experimental suck scores were subtracté 
was determined by averaging over all four 6-second control intervals instead. 
over only two intervals. The decision to use the total control interval as b 
was dictated by two considerations. First, in contrast to the movement mei 
there was a minimal overall difference among the four intervals on control tri 
Second, the use of а longer time base reduced the likelihood of spurious baseli 
which might have been produced by sampling during a “burst” or a “rest-betwe 
bursts," rhythmie characteristics of sucking behavior. 
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relating limb activity to complexity, the differences for sucking were 
not statistically stable. 

Analysis of sucking difference scores on Set 2 experimental periods. A 
four-way analysis of variance on the main factors of Bk, Com, I, and N, 
constituting a 3 X 3 X 4 X 3 design was carried out on the second set 
of E trials. One major factor, Com, (F(2, 27) = 3.57; p < .05) and the 
Bk x Com X N (F(8, 54) = 2.88; р < .05) interaction were significant. 

The means for the A, B, and C levels were .00, .20, and .40, respectively 
(A vs. С, р < .05). 


Correlations Among Response Measures 


Frequency histograms of absolute activity scores in a 6-second interval 
revealed a negatively skewed distribution both for hand and for foot 
movement, The distribution for sucking was almost rectangular. In 
contrast to the histograms of absolute scores, however, frequency histo- 
grams for difference scores showed a virtually normal distribution for 
hands, feet, and sucking. 

The stability of the dependent variables was reflected in the cor- 
relation (r) between Set 1 and Set 2 of baseline responding for hands, 
feet and sucking; .68, .86, and .81, respectively. 

The usefulness of difference scores is related directly to the correlation 
between absolute baseline and absolute E-period scores. The correlations 
between baseline and E-period interval scores in Set 1 for hand move- 
om .17 to .61 with a median correlation of .38. The cor- 


ment ranged fr 
m .46 to .73 with a median cor- 


relations for foot movement ranged fro 
relation of .55. The correlations for sucking ranged from .36 to .71 with a 
median correlation of .55. The .05 and .01 levels of significance equal 
correlations of .27 and .38, respectively. j 

The relationship among response measures was determined by cor- 
relating combined baseline scores between Ss, for hands, feet, and sucks. 
The correlations for hand movement vs. foot movement, hand movement 
vs. sucking, and foot movement vs. sucking were 42, —.63, and —.63, 


respectively.” 

The correlations among response measures assessed between Ss do not 
reflect; whether or not a change in one variable was accompanied by а 
change in the other for а particular S (Mandler, 1959). In contrast’ to 
the between-S correlations, intraclass correlations between the hand, 
foot, and sucking variables showed no general moment-to-moment 
relation for absolute, difference or MSP activity scores. 

у in that sucking baseline scores were calculated on 
24 hn s E a iat egre кое were calculated оп 12 seconds of 


re 
C time. However, the sucking intercorrelations were actually slightly higher for the 
longer time base. 
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А check was made on tendencies for the right or left limbs to be more 
active across all trials and on tendencies for the more active arm and leg 
to be homolateral. The number of Ss in each of the four possible patterns 
of laterality was virtually equal. 


DISCUSSION 

The principal findings of the present study may be summarized in the 
following way. During preshift stimulation, limb activity was suppressed 
by the most simple and most complex patterns of visual movement but 
was facilitated by the pattern of intermediate complexity. The same 
nonlinear pattern was found between sucking and complexity but suck- 
ing was consistently suppressed by stimulation and the obtained dif- 
ferences were not statistically stable. The behavior of hands and feet, 
although concordant over levels of some variables (e.g. preshift com 
plexity), did not always correspond. In the postshift phase of the expe 
ment there was а suggestion that a score representing the difference it 
suppression between hands and feet was sensitive to changes in com 
plexity level. No systematic habituation of responsiveness, measured 


(1965). Kagan and Lewis reported arm movement in response to thre 
levels of complexity of flashing lights. Each of their patterns wa 
presented with a 1-second interval between successive flashes. No d 
ferential effect of complexity level was found but “habituation” 88 
measured by increased arm movement as a function of repeated stimulus 
presentations was indicated. Among the many differences between the 
present study and that by Kagan and Lewis the present study used né 
interflash interval. It is possible that the response to alternating off 
and onset of light in their study masked any differential response 
complexity level. It is important to note that their investigation did no% 
utilize control intervals to provide for the possibility that general re 
lessness of their Ss increased over time rather than “habituation” occu! 
ring. The present study clearly favors the former interpretation inasmuc 
as absolute movement increased significantly over time but the difference 
between absolute movement during C trials and that during E trials did 
not decrease. 
In the present study the predictability of direction of light moveme 
was the only stimulus parameter varied over the three levels of ©0 
plexity while the area of stimulation, the distance between suce 
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light positions, and the number of position changes were held constant. 
Within the above constraints the full range of complexity was covered. 

1f suppression of ongoing activity is regarded as an index of attention 
(Berlyne, 1960), then an optimal-level hypothesis would lead to the 
predietion of an inverted-U relation between suppression of activity 
nnd stimulus complexity. Exactly the opposite curvilinear function was 
found here—suppression of activity to Levels А (low complexity) and 
C (high complexity) and increase of activity to intermediate Level B. 
However, it is important to remember that the present study manipulated 
complexity by varying sequential characteristics of visual stimulation 
as opposed to more conventional procedures which have manipulated 
simultaneous characteristics of visual stimulation, e.g., characteristics of 
geometric forms. 

The seemingly paradoxical effect of complexity or relative predict- 
ability of stimulus movement) on activity may be better understood if 
one considers the possibility that Ss, during an E trial, could have 
repeatedly formed an expectancy for the next direction of movement 
of the light. For instance, after one or two cycles of the A pattern the 
infants may have begun to anticipate the next positional shift of the 
light. An expectancy would presumably establish a readiness in 8 to 
make a particular eye movement which would be confirmed or dis- 
confirmed by the actual light movement. The ratio of disconfirmations 
to confirmations as well as frustration resulting from wrong anticipations 
are assumed to increase as complexity increased. 

Assume that a decrement in activity reflected attention and an incre- 
ment in activity reflected frustration. Then lowered activity during level 
A stimulation would accompany attention and active visual tracking of 
the stimulus with little frustration from disconfirmation. Level B was 
also attended and tracked but frustration, resulting from an increased 
number of disconfirmations, manifested itself in increased activity. Strong 
attention to Level C stimulation is suggested by the occurrence of 
decreased activity. However, by the arguments advanced earlier an 
increase in activity would be expected from a higher number of dis- 
confirmations and the resulting higher level of frustration. This theoret- 
ical objection is resolved if either Ss did not visually track the stimulus 
or they tracked only on an ad hoc basis; that is, the stimulus could have 
been tracked, point for point, but the tendency to establish expectancies 
might either have been extinguished very early or never have been 
established because Level C was so unpredictable. Alternative inter- 
pretations are possible. But any interpretation which explains differential 
responding to sequential stimuli differing only in predictability of 
position, will almost certainly depend either on notions of expectancy or 
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on S's matching of current and past visual and oculomotor events, 
interpretation presented here is favored because it is testable. 
The finding that hand and foot difference scores were often of differe 
algebraie signs, although somewhat puzzling, is interesting in the lig 
of traditional stabilimetrie methods of measuring activity in infani 
(Irwin and Weiss, 1934; Rovee and Levin, 1966). Stabilimetrie proa 
dures do not permit separate analyses of limb movement. Future stud 
may profitably consider the pattern of the child's limb movements 
addition to the absolute level of activity. The Movement-Suppressit 
Pattern (MSP) scores were used here to attempt to represent the pati 
of limb activity. The derived MSP score showed stable differene 
between shift and no-shift groups both for the same terminal and f 
the same departure levels of complexity. 
Sucking, measured as number of expression movements (Samero 
1965), was very consistently suppressed by stimulation. Moreover, tl 
distribution of sucking difference scores was strikingly normal and 00 
relations involving sucking were high. In some respects sucking was 
ideal dependent variable. However, for the most part sucking behavi 
as measured here, was not discriminative of the functions under stud} 
The one exception to this statement was the positive linear funct 
relating sucking difference scores to the level of second-set complexit 
However, even this function was complicated by a perplexing G X ОХ 
interaction. 
i Finally, in the present study, as in an earlier study with newb 
infants using intermittent visual movement (Haith, 1966a), suppressid 
of sucking to stimulation was found but no systematic intertri 
habituation of responsiveness occurred. It may be that intermitte 
visual movement was too interesting a stimulus for habituation to octl 
during the period of observation. 
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The Acquisition and Violation of Expectancy: 
An Experimental Paradigm! 
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AND 
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An experiment, using 44-month-old children, was conducted wherein a 
repeated presentation of a stimulus (8) was followed by a new stimulus 
(5). It was predicted that attention, as measured by orientation of the 
head and fixation of the eyes, cardiac deceleration, smiling, and pointing, 
would show response decrement over repeated trials of Sı and would show 
Tesponse recovery to S: The data of this experiment confirmed these 
hypotheses and the results are discussed in terms of the orienting reflex, 
emotion, and general theories of attentional processes in the young child. 


The dimension of novelty and familiarity is an important stimulus 
property influencing attentional behavior (Berlyne, 1960; Sokolov, 
1963; Cantor, 1963). One definition of novelty and familiarity is based 
on the assumed frequency with which certain stimuli have occurred in 
the organism’s experiential history (Lewis, 1965). This definition 
usually limits the experimenter to choosing gross distortions of reality 
as examples of novel stimuli. Novelty and familiarity can also be de- 
fined experimentally by controlling the frequencies with which stimuli 
occur. A stimulus S, is defined as familiar when it has been presented 
repeatedly for n trials. The occurrence of a second stimulus, S,, on trial 
п +1 defines S, as a novel event. S, may be any event discriminable 
from 8,. Both definitions involve the notion of confirmation and viola- 
tion of expectations. 

Sokolov (1963) has used this paradigm to investigate the orienting 
reflex (OR). Indeed, he has defined the OR as those responses which 
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ACQUISITION AND VIOLATION OF EXPECTANCY ШО 


habituate to a repeated S; and which recover when $; is altered. Sokolov 
argues that this response decrement and recovery are mediated by some 
central process such as memory or neuronal model formation. When 
there is no match between the external event and the internal model, 
central excitation occurs resulting in orienting behavior. When there is 
a match, central inhibition occurs and little orienting behavior results. 
Within this theoretical system, rate of response decrement can be viewed 
as a function of the speed of model acquisition whereas response re- 
covery is a function of discriminability, model formation, and the nature 
and degree of the violation (S.—distortion, change in complexity, form, 
shape, color). Thus, novelty and familiarity can be defined operationally 
by the same experimental manipulations as the orienting reflex. 

In a preliminary study, Lewis, Goldberg, and Rausch (1967) con- 
cluded that visual attention in the preschool child, as measured by 
total fixation (TF), can be considered part of the orienting reflex. The 
authors found response decrement to repeated presentation of S; and 
recovery to a variant of S,. In addition to the TF data of the Lewis 
et al, study, behavioral observations indicated that Ss showed increased 
smiling, pointing, and expressions of surprise when the stimulus was 
changed. This suggests that altering S, may result jn affective responses. 
Moreover, since autonomie feedback to central neural structures affects 
stimulus reception, and therefore, model formation (Sokolov, 1963), 
such autonomie measures as cardiac response should be associated with 
the orienting reflex. " 

The а, reported here was designed both to replicate the 
earlier finding and to further investigate the effect of agen 
manipulation of novelty and familiarity on visual attention and i 
physiological and behavioral correlates. 


METHOD 


Subjects 
Ss were 20 children (10 boys and 10 girls) 8% years of = zh kd 
the film presentation as part of a longitudinal study of $ еп a ihe 
which they were subjects. Each S was brought to the laboratory 
morning by his mother. 


Equipment and Procedure 


Each S was seated at a table enclosed in а uniform gray eden 
proximately 5 X 5 feet. The child's mother sat to the rear an EERS 
S. Visual stimuli were presented by rear-screen projection appro y 
2% feet from S's head and at S's eye level. 
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Fig. 1. Visual stimuli shown in sets from A (top) to D (bottom). S, is shown 
on the left, S; on the right for each set. All stimuli except S, in set A аге 
chromatic. For set A, the violation was the change from an achromatic to & 


chromatic picture; for set B, the violation was a change in form; for set C, con- 
tent; and for set D, curvature. 


4 


ACQUISITION AND VIOLATION OF EXPECTANCY 78 


Four different sets of stimuli were presented (Fig. 1) and the order 
of presentation was the same for each S. Set A was presented first, 
followed by sets B, C, and D. In each set, the stimulus on the left was 
presented six times for 30 seconds with a 30-second intertrial interval, 
On trial 7, the stimulus on the right was presented for 30 seconds. 
After an intertrial interval of 30 seconds, the next set began immediately. 
All 20 Ss received this presentation sequence, 


Measures of Attention and Measurement Procedures 


Measures of attention. During the film presentation, visual orientation 
to the screen was recorded by two observers (interscorer reliability = 
-94) who were unaware of which stimulus was on the screen. Each ob- 
server depressed a key each time S's eyes were oriented toward the 
screen and released it when S turned away. The state of the observer's 
key was automatically recorded on an event recorder along with stim- 
ulus onset and offset. Smiling, pointing, and surprise were recorded in 
similar fashion by two other observers. The occurrence of surprise was 
based upon the observers’ judgment of S's facial expression, and spon- 
taneous verbalizations, e.g., “Oh gee! Look at the new picture.” Relia- 
bility of behavioral measures recorded under these conditions (each 
observer recording smiling, pointing, and surprise simultaneously) 
ranges from .68 to .96. Cardiac response was recorded both on a 
punched paper tape (see Welford, 1962) and a polygraph. The Fels 
cardiotachometer? converted each r-r interval of the ECG to a rate in 
beats per minute and a continuous beat-to-beat cardiac rate was re- 
corded on the polygraph. The measure of cardiac gute des the 
difference between the mean of the three beats preceding stimulus onset 
and the three lowest beats occurring during fixation in the stimulus 
period. If a subject did not look at the stimulus or did not look long 
enough to record three heart beats, there was no cardiac response re- 
corded for that trial. 

Measurement procedures. In the study of response decrement and d 
covery, a variety of measurement procedures are possible. For diio 
decrement, one easily caleulated measure is the difference м 
response on trial 1 and response on trial 6. The trial 1 M 6 ia i 
of response decrement has the advantage of being straight: viu did 
easy to calculate and manipulate. However, it does not utilize da Р 
from intermediate trials. A method that does utilize the data is beat 
gression analysis. The slope of a linear regression and eua Б 
an exponential represent rate of response decrement. ae a 
covery also can be measured by several different procedures. 


rings Instrument 
*Fels Cardiotachometer is manufactured by the Yellow Sp 
Company, Yellow Springs, Ohio 45387, a 
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ample, fixation on trial 7 can be compared to trial 6, or an experi- 
mental and control group can be used when the control group receives S, 
on trial 7 and the experimental group receives S». The difference between 
control and experimental groups on trial 7 would refleet response re- 
covery. In the preliminary study by Lewis et al. (1967), this latter 
procedure was followed. The results showed a significant difference 
between the experimental and control groups and indieated that alter- 
ing S, produced response recovery. An alternative method of evaluating 
response recovery is to compare the observed response on trial 7 with 
that predicted by the regression equation. This has the advantage of 
utilizing all data for trials 1-6 in predicting and evaluating observed 
behavior on trial 7. In effect, each group serves as its own control with 
behavior on trial 7 evaluated on the basis of parameters of previous 
behavior by the same Ss. This is the analysis which will be used in this 
paper. Although this technique eliminates the need for a separate 
control group, data from the control group of the preliminary study will 
be presented for comparison, when available, in order to demonstrate 
that the results generated by the two methods are similar. 


RESULTS 


Both linear and curvilinear regression analyses were carried out for 
each variable for sets A, B, C, D, and the mean over“all sets. The 
curvilinear function was of the form Y = A 4+ Be for values of C 
from .25 to 2.5. The negative exponential generally fit the data better 
than the linear equation. Since Lewis et al. reported no significant 
differences between sets and the present data confirmed this, the follow- 
ing discussion will focus primarily upon the mean curve over all sets. 

Total fixation. Figure 2A shows the mean TF over all four sets and 
indicates the best fit regression curve, Y = 10.67 + 19.98e-5* (F = 60.75, 
р < .01). In all sets, the negative exponential accounted for а significant 
proportion of the variance and gave a better fit than the best linear 
inen The raw data points indicate rapid response decrement over 

rials 1-6. 

The observed TF on trial 7, as shown in Fig. 2A, represents a distance 
of 721 standard deviations from the point predicted by the regression 
curve (р < 1 10-5) indicating response recovery to Sz. In the pre- 
liminary study, the control groups observed TF on trial 7 was only 0.92 
standard deviations from the predicted value, a nonsignificant difference. 

Cardiac response. Cardiae response was measured in terms of number 
of beats deceleration from base to stimulus period. Figure 2B presents 


the mean number of beats deceleration over all four sets for each of the : 7 


seven trials. The initial response to each set was an average deceleration 


i 
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of 10-14 beats per minute, With Tepeated presentation over trial 1-6, 
there was a decrease in the amount of deceleration, These data give a 
significant negative exponential fit, Y = 4.58 + 11.0702 (P= 20.23, 
p < .05). 


peated S, and increasing when S, is altered. The correlation between 
fixation (TF) and cardiac deceleration was r — -70 (p < .01) over the 


MEAN FIXATION TIM 


1254567 


1234567 
TRIALS 
Fia. 2. A. Mean total fixation time in seconds for each trial averaged о ве{в 
A-D. B. Mean heart rate change in beats per minute for each trial йар! тш 
Sets A-D. Since the cardiac response was а deceleration in heart rate, Б a 
indicates number of beats decrease with larger numbers indicating US a Yo 
tions. In both graphs, the solid line indicates observed points with t тас 
tion) shown as an isolated dot. The dotted line represents the points p 
by the Tegression equation including trial 7. 
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Fic. 3. A. Mean time smiling in seconds for each trial averaged over sets A-D. 
B. Mean time pointing in seconds for each trial averaged over sets A-D. In both 
graphs, the solid line indicates observed data with trial 7 shown as an isolated 
point, The dotted line shows the points on the regression curve, including trial 7. 


experiment and showed а similar pattern of response decrement for 
trials 1-6. However, the observed amount of smiling on trial 7 did not 
differ significantly from that predicted from the regression curves—the 
mean difference between the predicted and observed amount of smiling 
over all four sets was 0.26 standard deviations. Thus, while smiling 
increased significantly on trial 7 for the Ss who saw the altered trial, 
there were no significant increases for Ss who saw the same stimulus on 
trial 7. Smiling appears to follow the same pattern of decrement and 
recovery as fixation time with increased smiling accompanying S. and 
decreased smiling accompanying repeated S,. The correlation between 
mean TF and mean time smiling over the 28 trials was: т = .66 (р < 
01). 

Pointing. The pointing data are less consistent than fixation or smil- 
ing data. This is partially attributable to the fact that fewer Ss con- 
tributed to the data. There were a number of Ss who either did not point 
at all or did not point for a majority of the trials. Figure 3B shows the 
mean time pointing over all four sets for each trial and the data again 
fit a negative exponential, Y = .27 + 2.74e-?** (Р = 11.80, p < .05). 

The observed amount of pointing for trial 7 was significantly above 
the regression line for each of the four sets. The mean amount of point- 
ing over all four sets on trial 7 was 3.65 standard deviations above the 
predicted point (p < 2 X 10-*). Similar data for the control Ss in the 
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preliminary study indicated a decrease in the amount of pointing for 
trials 1-6 and the mean pointing time on trial 7 showed continued 


deviations, Thus, like smiling, Pointing inereased on trial 7 only when 
Ss were exposed to the altered stimulus, 

Surprise response. There Were not enough instances of surprise re- 
corded to permit any statistical analysis, However, 13 of the 14 recorded 
occurrences of surprise were on trials 1 or 7, that is, the trials on which 
а new stimulus was introduced, 


DISCUSSION 


Sokolov (1963) suggests that autonomie feedbsck to central neural 
Structures modifies the effects of stimulation and should, therefore, be 
associated with OR. Lacey and Lacey (1959, 1964) have found that HR 
deceleration is associated with facilitation of senvory intake and HR 
acceleration accompanies stimulus rejection. Graham and Clifton (1966) , 
in their review of the relation between heart rate and the orienting 
Tesponse, conclude that HR deceleration satisfies the criteria usually 
associated with an orienting response. The present results provide further 
Support for this notion as well as evidence for Sokelov’s contention that 
the OR should have autonomic components. 

Behavior. The behavioral patterns associated mith TF sane 
Tement and Tecovery might also be considered as signs of emotiona 
The data indicate that smiling, pointing, and surprise ups ue 
stimulus repetition and are elicited by stimulus change. Тин ra 
change or novelty is the oceasion for affective change. Sc iis x Wr 
Singer (1962) and Pribram (1967) have discussed the impo: =} As 
Cognitive variables in emotion. According to Pribram, the de ics 
state underlying emotion or what has traditionally been called “aro 
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can be defined as "uncertainty" in the central nervous system arising 
from violation of cognitive expectancies. An important part of the 
experience of emotion is derived from the internal adjustments by which 
the system tries to reduce this uncertainty. Thus, violation of expectancy, 
а cognitive experience, induces the physiological arousal associated with 
the production of any emotional state. The present behavioral data are 
consistent with this formulation. 


Response Decrement and its Meaning 


The form of the response-decrement function, as determined by linear 
and curvilinear regression analyses from our data, support Thompson 
and Spencer’s (1966) statement that response decrement follows a nega- 
tive exponential function. While some of the data presented in this paper 
do fit linear functions, they consistently fit negative exponentials even 
better. The points at which both a linear and negative exponential would 
fit equally well would be the early trials in which the most rapid decre- 
ment occurs. Six trials of repeated stimulation may not be enough to 
determine uniquely the shape of the function. Further studies might 
extend these results by using longer trial sequences. However, the 
consistency of the form and exponents of the best fit curves over 
variables and experiments indicates the appropriateness of the negative 
exponential in describing the response-decrement process. 

An important implication of Sokolov’s model is that response decre- 
ment to repeated stimuli is a measure of the speed of model acquisition 
and that the rate of decrement indicates the efficiency of the model- 
building system. Since model acquisition involves central processes, such 
as memory or information storage, response decrement should also be 
related to performance on other cognitive tasks. In order to test this, 
performance on a series of concept-formation tasks, given as part of 
the longitudinal program, was compared to response decrement. In each 
concept-formation task, S was shown an array of three items of which 
two were identical with respect to either color, form, size, or number. 
S was to indicate which two items were “the same.” The procedure was 
identical to that used by Lee (1965) in her test of concept formation in 
preschool children. The measure of response decrement for visual fixa- 
tion was total number of seconds looking on trial 1 minus number of 
seconds looking on trial 6. This was corrected for initial fixation by 
dividing by the fixation score for trial 1. A mean score over all four 
sets was obtained. Response decrement was related to number of errors 
in the concept formation series such that the greater the response decre- 
ment, the fewer errors S made (rho = .37, p < .05). Thus, response dec- 
rement was shown to be related to a measure of cognitive capacity. 
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Operant Procedures for the Establishment of Stimulus 
Control in Two-Year-Old Infants! 


PauL WkrsBERG* 
Brown University 


Eight 15 to 25-month-old infants were trained by multiple and chained 
Schedules to lever press at high rates for reinforcements in the presence of 
S+ and at low rates when unreinforced in the presence of S—. For 4 68, 8+ 


behaviors (DRO); and a combination of the two, programmed sequentially 
(EXT DRO). S+, S—, and 6 flickering lights from 2 to 10 cycle/sec were 
presented during two generalization tests conducted in extinction, Total num- 
ber of responses decreased over test sessions, and within each test, rate of 
responding fell progressively over trial blocks, Peak responding was always 
to the former S+ value. The Shapes of individual gradients were much 
flatter across the flicker range when S— had been а l-cycle/sec light than 
when it was steady. 


In most operant procedures used to establish exteroceptive (sane 
control, responding in the presence of one stimulus (S+) 5 MIU sh 
Teinforced while responding in the presence of another stimulus ( Wie 
never reinforced. Thus in discrimination studies with vdd 
(Tong, 1962, 1963) and retarded individuals (Bijou and Led ilr 
Orlando, 1965), $+ and S— were correlated with розага иное suc- 
Schedules and each stimulus-schedule condition was punto se 
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cessive fashion. Sometimes the duration of each condition was governed 
solely by an environmental criterion (as in multiple schedules), such as a 
clock set to run for a fixed time period, and sometimes by a response cri- 
terion (as in chained schedules), such as no responses for 20 seconds dur- 
ing S— or the time taken to receive three reinforcements during S+-. In 
these procedures, since possible influence by the individual S+- and 8— 
is confounded with schedule order or the delivery of a fixed number of 
reinforcements likely to indicate the termination of an S+ period, inde- 
pendent, methods to assess the source of control are of importance. 

In general the origin and degree of stimulus control in operant studies 
with children has been evaluated in two ways: by stimulus reversal and 
by a tandem schedule (Long, 1963). In the first procedure the two extero- 
ceptive stimuli previously associated with different schedule conditions 
are frequently interchanged with one another, while in the second only 
one stimulus, either S-- or S—, is explicitly programmed in both sched- 
ule components so that an alteration in schedule conditions is unaccom- 
panied by an external stimulus change. Therefore, if the separate stimuli 
actually exercised control, both procedures would initially engender a 
marked disruption in the pattern of responding commonly observed prior 
to the imposed manipulation. 3 

Another procedure used to identify controlling stimuli is that of gen- 
eralization, Here, the training stimuli used during discrimination, to- 
gether with a number of novel stimuli, each graded in terms of similarity 
to S+ and S—, are presented and responding in the presence of each is 
not reinforced. Thus in the generalization paradigm, both the training 
stimuli (and others similar to them) are correlated with a new schedule 

(extinetion) and in a new order. Moreover, evidence for stimulus control 
during generalization testing is indicated not by a process of behavioral 
impairment, but by the former training stimuli continuing to produce the 
same relative differences in responding that existed during discrimination 
training. 

This experiment sought to institute operant discrimination techniques 
in 15 to 25-month-old infants, an age group that can be profitably stud- 
ied over several experimental sessions (Weisberg and Fink, 1966; Weis- 
berg and Tragakis, 1967). To evaluate sources of behavioral control, 
generalization testing was done during which several stimulus values 
were administered under conditions of extinction. Assessment techniques 
utilizing multiple stimulus values rather than two points on a continuum 
enables one to test the limits of sensory discrimination more economically 


and supplies greater information about the stimulus dimension under- 


lying variations in behavior. 


p. 
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METHOD 
Subjects, Apparatus, and. Setting 


Eight infants in temporary residence at an institution were tested in 
àn unused room at the institution, Except where noted, the Ss were run 
once a day, seven days a week, and only rarely did more than 24 hours 
intervene between sessions. Daily snacks usually given to all children 
were omitted for experimental Ss, Subjects were tested 2 to 3 hours after 
lunch. The first three columns of Table 1 identify the Ss in terms of the 
order in which they were run, along with sex and age 5 
Prior to the first session of magazine training, the length of institution- 
alization for individual Ss varied from 9 to 207 days, 


from a chassis box that was mounted on the right front-side of the feeder 
frame; the lever was easily in reach of S and required a downward force 
of 269 through 2 mm for a response to be recorded, A Plexiglass food- 


TABLE 1 
DISCRIMINATION TRAINING PROCEDURE 
Age at start of 
discrimination 
training. 
Subject Sex (month-day) Discrimination training* 
81 M 25-21 Mult VI 15 FXT(7) 
S2 F 18-25 Mult VI 15 EXT(9); 
Mult VI 25 ЕХТ(1); 
Chain DRO VI 25(2) 
Ў Mult VI 25 EXT(6); 
S = p Chain EXT DRO VI 2(8 
7 г Mult VI 25 EXT(3); 
à : jo Chain EXT DRO VI 2508) 
5 ult VI 25 EXT (3); 
si M ТЕ; M Chala EXT DRO VI 28(13) 
T DRO VR 15(3); 
= M EY Chain EXT DRO VR а 
У Chain DRO VR 15(10); 
T M n Chain EXT DRO VR 15(2) 
VR 15(8); 
88 M 20-10 Chain epee DED PR iiM 


devo! the particular 
, Numbers in parentheses denote the number of sessions devoted to 
Schedule, 
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collecting tray was centrally mounted to the bottom front of the fi 
support. In the same room about 6 feet from the rear of the feeder y 
movable cart that held programming circuitry, power supplies, e 
counters, a cumulative recorder, and a device to generate different fi 
rates. Each lever press produced an audible elick made by the ste| 
motor of the cumulative recorder. 

An incandescent indicator light, with an 11/16-inch unfrosted 
glass dome over it, served as the light source. The light was moun 
134 inches above and to the left of the lever. Interruption of the lig 
the flicker stimulator produced flashes up to 10 cycle/sec with an 
of -£5% of the specified flicker value as calibrated by a photo-semt 
device in conjunction with an oscilloscope. Each light flash laste 
msec. Two observers judged the brightness of the steady light (usi 
SEI exposure photometer) to be 3.36 log ft.-lamberts. The flicker 
lator consisted of a 60 rpm synchronous motor that simultaneously 
а series of cams, onsthe surface of which protruded a different numb 
small nodules (varying from none to ten). Each cam struck again 
dependent microswitches Which in turn were fed into the prog 
circuitry. When one flicker-value changed to another, no auditory 
were provided (silent push buttons were used) and all stimuli were 
grammed by noiseless solid-state circuitry. The cam-microswitch 
did, however, cause a constant clatter in the room that convenien 
masked any outside hallway noises. 

One E was constantly in the room with the child; he sat behin 
equipment cart and monitored the control unit and recorded res 
Most of S's view of E was obscured by the proper positioning of the ea 
although if S leaned over far enough, he could catch glimpses of Ё 
frequently, S spent time in search of lost or misplaced snacks. А! 
sisting in their recovery, E returned to his station behind the cart. 
very brief and rare interruptions usually came early in acquisition 
ing and were the only social contact initiated by E during a 
session. 

Magazine Training 

The details of this technique are described elsewhere (Weisbe 
Fink, 1966). Briefly, reinforcements consisting of small pieces of Ci 
mon Crisp cookies (Keebler) were dispensed to S who sat befo! 
feeder with the lever removed. E first sat alongside and encourag 
eat. After the child repeatedly looked in the vicinity of the food 
whenever the feeder motor signalled the delivery of a reinforcement 
moved further away and faded out on social interactions. During the 
few trials of magazine training, E remained behind the equipment t 
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Care was taken not to reinforce any apparent supersitious acts and in 
general no new snacks were delivered until S had finished eating the 
previous one. From 30-35 reinforcements were given within 10-15 
minutes. 


Rate-Strengthening 


After the magazine-training session, all Ss were reinforced with snacks 
for every lever press. Neither instructional stimuli nor shaping pro- 
cedures were used; the Ss were left to “discover” the CRF contingency. 
S1 and S2 received two sessions of CRF training (50 reinforcements per 
session) and were then given discrimination training. 

The other Ss were placed on intermittent schedules of reinforcement 
prior to discrimination training. Intermittent reinforcement was insti- 
tuted, either during the initial ORF session or in the very next session, 
in order to strengthen and sustain a rate of 20 or more responses per 
minute during the last 15 minutes of two consecutive sessions, Most Ss 
received intervening training on small FR schedules before some were 
switched to VI 25-second schedules in which the inter-reinforcement in- 
terval ranged from 5 to 40 seconds. (3, 54, 55) or to VR 15 schedules 
in which the ratio values ranged from 5 to 40 responses (86, S7, 88). 
Each S received no less than four rate-strengthening sessions during which 
50 reinforcements were usually dispensed. i j 

During the final rate-strengthening session the indicator light, which 
had been disconnected and nonfunctional, was turned on and responses 
in its presence were reinforced according to the prevailing schedule. For 
83, S4, 36, and S8, the light (S+) flashed once per second and for 81, S2, 
65, and S7, S+ was a steady light. S— was not presented until bius. 
ation training, and no reinforcements were given during any 8— Won 
S— for the first group of subjects mentioned above was a steady lig! 
and for the other group, it was a 1-cycle/sec flash. 


Discrimination Training \ Й 

Table 1 indieates the kind of multiple (mult) ie пш ш 
schedules or reinforcement that were used to establish шеш i 
(Ferster and Skinner, 1957). Throughout part of all of the ay ез E 
sessions of the first six Ss, multiple VI 15 EXT or multiple m 
Schedules were instituted. At some point, chained eae yet to 
into effect, either to replace the multiple schedule (S2, jd › ОО 
act as the initial schedule condition (S6, S7, 58). In (DRO) was as- 
а schedule that differentially reinforced other behaviors ( nent in the 
sociated with S—, replacing the previous extinction component im #8 
mult VI 25 EXT schedule. During the DRO component a clo 
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run for a prearranged time continually reset itself whenever a lever press 
occurred in S—. After the clock timed out, the stimulus conditions 
changed from S— to S-+-. The purpose of the reset condition was to pre- 
vent the subject from lever pressing near the end of an S— period. Lever 
pressing in 8-- by S2 continued to be intermittently reinforced on a VI 
25 basis (chain DRO VI 25). * 

The early sessions of 56 and S8 and most of those of S7's also had the 
DRO component correlated with S—, but responses in S4- were reinforced 
according to a VR 15, thus constituting a chain DRO VR 15. During the 
latter part of training of the last six Ss, two conditions programmed in a 
quential order defined the S— period. In the initial two-thirds, lever 
presses were subject simply to extinction and in the final one-third, the 
DRO contingency was in effect. The chain arbitrarily ended in S4- when, 
depending upon S, (cf. Table 1) the VI 25 seconds or VR 15 was in foree. 

In regard to the temporal properties of the discriminative stimuli, 84- 
durations early in training were usually three times longer than those of 
S— but this diserepaney was gradually reduced over training sessions 
until S+- intervals became either equal 40:8— or no more than twice its 
size. The terminal S4- durations for S2 formed an exception to this rule, 
remaining relatively long (from 1 to 2% minutes per exposure) from the 
beginning of training. In the multiple schedules of S2 as wel! a» the mul- 
tiple and chained schedules for S2, S3, S4, 85, S4 presentations stabilized 
at about 1 minute each. Comparable values for 8— periods showed greater 
variations: in the mult VI 15-second EXT sessions of 51 and 52 the 
modal S— period during extinction was 50 seconds (range 25 to 60 seo- 
onds) while in the mult VI 25-second EXT sessions of S3, S4, 55, it was 
30 seconds (range 30 to 40 seconds). 

Finally, for S6 and S7, the length of S4- periods was kept consistently 
at 30 seconds after the first few sessions. In the case of S8, however, in- 
dividual S+ periods were not fixed by a clock; determined instead by how 
long it took to accumulate all the available reinforcements that ha 
to be programmed under the existing VR 15. A mode of three was avail- 
able (range 1 to 4) that amounted to an average S4 duration of 30 


Discrimination sessions during the final stages of training were 25 0 
30 minutes long, during which time 8+ and 8— were each p 
about 20 times and from 50 to 60 reinforcements were received. 


Generalization Testing 

Two sessions were devoted to these tests. A 10-minute period of dit 
crimination training preceded each one, and an entire session of trai 
also intervened between the two sessions. 51, however, received 00 
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polated practice. Throughout the preliminary period and the intervening 
session, the same stimulus and reinforcement conditions prevailed that 
were described for the last pregeneralization session (cf. Table 1). 

Generalization tests were conducted under extinction conditions, Eight 
stimuli, including the two training stimuli, were presented, each опе last- 
ing for 30 seconds. The eight stimuli were randomly arranged within each 
of six blocks, making a total of 48 presentations. A 3-second “black-out” 
in which the stimulus source was darkened separated trials. 


RESULTS AND DISCUSSION 


Discrimination 


Efficacy of discriminative behavior for the first and second halves of 
each session were assessed by the computation of Discrimination Indexes 
(Sadowsky, 1966) : 


DL total S+ 
`" `` total 54 responses + Fetal S— responses) 


where k = S4-/S— duration and was used to weight the disproportionate 
amount of time usually devoted to S—. The lower and deed limits of ia 
D. I. are .00 and 1.00 respectively, with .50 representing equal resp 
probability to S+ and 8—. Table 2 gives D.I. values for the last two pre- 
generalization sessions of each subject as well as the session that inter- 
vened between generalization testa. ү EUM 
The D.L's were substantially higher in the single NE 
session compared to the last two pregeneralization sessions with most su 


TABLE 2 
DISCRIMINATION INDEXES. 
5 Postgeneralization 
Pregeneralization 
Next to last session Last session Intervening session 
First Second First Second uu SUM 
Subjects half half half half 
— =———_——— 
81 .82 т 82 2 .89 
2 тл m % we in 74 
sa .62 .89 67 -88 4و‎ `89 
84 ‘59 ‘89 65 ا‎ а E 
85 73 88 -80 Te E .89 
86 35 67 79 EE ‘2 80 
57 64 76 зз £o € 
58 * P r^ 875 030 .890 
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SESSION п ze 


Lar Ane 2 


300 RESPONSES 


CHAIN DRO VI 25 SEC 


Fia. 1. Cumulative records of the last two pregeneralization sessions for $2.' 
prevailing schedule is chain DRO VI 25 seconds. Vertical marks below the curvi 
dicate simultaneous onset of S+ and offset of S—. Vertical marks above the eu 
indicate simultaneous offset of S+ and onset of S—. 


jects also improving in discriminative ability from the next-to-last tot 
last pregeneralization session. Considering D.I. changes within the 
generalization sessions, most Ss improved in performance with prae 
but this trend was slightly reversed for 5 of 6 Ss in the postgenera 
session. In the discrimination sessions that preceded the next-to-las 
in Table 2, the majority of D.1.’s were centered around .50 (range 
80). 

The cumulative records in Figs. 1, 2, and 3 show the rates of respond 
to successive presentations of S- and S— under different chained sch 
ules of reinforcement. Not shown are any records from sessions in 
multiple schedules were used. Although the multiple VI 15-second 
schedule during S1’s last session generated fairly good behavioral c 
(response rates in S+ were nearly five times greater than in s3 
high density of reinforcement during the VI 15-second component ¢ 
а low S+ response output. Resort to multiple VI 25-second EXT s 
ules with the next four Ss elevated S+ responding greatly but S 
sponding also increased and there was little evidence of differenti: 
sponding. To circumvent the possibility that the onset of S had b 
a conditioned reinforcer during multiple schedule programming, the D. 
procedure was installed. г 

Figure 1 reproduces the performance of S2’s last two chain DR 
25-second sessions. In contrast to intensive S+ responding, the majo 
of S— periods illustrate a low level of lever-pressing activity bub 1 
are several places (arrows) where S— responding is mixed uneven 
tween high rates and periods of nonresponding that fell short of the D 
interval. This erratic response pattern occurred mostly during perio 
to [ inclusive when the DRO interval was 30 seconds; in all oth 
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periods, it was 20 seconds or lower. S2's difficulty to completely suppress 
behavior during S— periods having DRO 30-second requirements gave 
rise to the alternative and final strate: › used with the remaining Ss, of 
keeping the DRO interval short (10 seconds) and to precede it with a 
longer extinction component (20 seconds). The duration of S— periods 
was kept long (30 seconds) for two reasons: ав preparation for the up- 
coming generalization trials each of which was 30 seconds long; and to 
help sharpen the contrast during discrimination training between periods 
of unreinforced as against reinforced responding. 

Figures 2 and 3 respectively reveal terminal discrimination performance 
when the EXT DRO component was combined in sequence either with 
the VI 25-second schedule (83, S4, 85,) or with the VR 15 schedule 


fec 


м а . md 1 
SESSION eerie ee f нж 


e TEE 


5 MINUTES 


Fig, 2, Cumulativé records of the last pregeneralization кор for КОД Б 
The prevailing schedule is chain EXT DRO VI 25 seconds. Vertical vun above the 
Curve indicate simultaneous onset of S+ and offset of S—. Vertical mar 
curve indicate simultaneous offset of S+ and onset of S—. 


90 PAUL WEISBERG 


Fio. 3. Cumulative records of the last two pregeneralization sessions for 88 and 
the last session for 56 and S7, The prevailing schedule is chain EXT DRO VR 15 ех 
cept during intervals a to e in 87's twelfth session at which the EXT component wat 
omitted. The records for 88 were obtained from a cumulative recorder that ran at® 
slower speed than that of S6 and 87. 


(56, 87, S8). As most of the records indicate, rate of lever pressing in 8+ 
was fairly well maintained throughout a session while the S— rate be 
came virtually nil once midway in the session. Generally, discriminative 
control was established in fewer sessions for S6, S7, and 58 than for 5 
84, S5 (cf. Table 1) but the causative factors responsible for these dif- 
ferences are unclear. Possibly, adjustment to the EXT DRO com 
was facilitated in the case of 56, S7, and S8 because of prior exposure 
the chain DRO VR 15 schedule. It is equally likely that rate 
responding in S4- is a determinator, since the VR 15 engendered а ш 
higher rate than the VI 30-second schedule. 

The last two records of S8 (Fig. 3) are provided to demonstrate а 088 
of sudden transition in differential responding. As is evident, the 
formally high S— rates characteristic of session 6 are sharply attentuated 


- 
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in session 7, when responding to the last ten presentations of 8— resulted. 
in "errorless" performance. Acquisition of behavioral control for the other 
Ss was never achieved so rapidly as that of S8, 

It is probable that had the DRO component been eliminated from a 
chain that had already produced reliable differences in lover pressing to 
8+- and 8—, the degree of established control would have remained in- 
tact. This claim is partially supported by the stable transfer of behay. 
ioral control from the discrimination procedure to the generalization 
series (cf. Fig. 5) that employed an extinction procedure, 
Orlando (1961) and Orlando (1965) reported no disruption in 
responding by retardates to alternate presentations of 84- 
with a variable ratio schedule) and 8— (correlated with 
successful diserimination performance. ye chained гч 
the 8— stimulus was associated with a component, 
Long’s (1962) discrimination data with children “suggest that 
stimulus control has once developed, the delay 
ponent) ean be removed without serious or 
control” (p, 446). 

The results of discrimination training clearly demonstrate that the 
various schedules of reinforcement сап exert а strong influence over the 
behavior of young preverbal children. The approximately 50 snacks pre- 
sented during each session in this experiment sufficed to Vect res 
havior and there was no evidence of a response decrement due to 
satiation, This encouraging motivating feature together with the ds 
currence of recalcitrant behavior by the toddlers bodes well for the use 
children of this age in further operant studies, 


Generalization 


Weighted D.I.’s based upon 84- and 8— р receding testing, а 
minute discrimination periods pare | second test session (DI = 
Above ‚85 with the following exceptions: ee«ion 
82); S1, first test session (D.I. = 78), and 90, first test S 
82). 


Figure 4 shows that over the course of trials пеон 


*ralization testing, the total number of responses ч 
Most subjects, This response decrement, an ema mae 
соттоп finding (Guttman and Kalish, ا‎ Harrison, the 
and where reversals in the curves appear (as in the ®) X 
Second sessions of S1 and S3 in the first session of S8), A coud 
almost entirely by the subjects showing & rge ye — 
When the former 8-+ stimulus was reintroduced. As а second trend, in 
subjects responded more throughout the first generalization session 


IE 


| 
iti 


92 PAUL WEISBERG 


eg FIRST GEN. 
9-----9 SECOND GEN. 


NUMBER OF RESPONSES 


TOTAL 


ee 


second test sessions. 


the second (Jenkins and Harrison, 1960; Newman and Baron, 1965). 
Again the extinction records of S1 and 53 pose exceptions, with the be 
tween-session response difference in favor of the second test day, although 
this discrepancy is not consistent across trial blocks. The extinction fune- 
tion for S6's second test session is incomplete because he started to p! 
midway during the second trial block. 

Responses to each of the eight test stimuli, ordered according to se | 


| 
BLOCKS OF EIGHT TRIALS 
Fia. 4. Changes in total number of responses over trial blocks for the first and 
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frequency, were pooled over trials, and proportional rates of responding 
to each stimulus were determined by the ratio: tota] number of responses 
to test stimulus/total number of responses to all stimuli. The resulting 
relative generalization gradients are plotted in Fig. 5. 

In general the gradients for both sessions parallel each other, with the 
percentage of responses always greatest to the previous S- stimulus and 
even more so on the second than the first test session. Sharper gradients 
after an interpolated session of discrimination training confirm previous 
results (Jenkins and Harrison, 1960; Terrace, 1966) ; after no practice, 
the gradients for S1 also steepen. 

Since the relative difference between S+ and S— responding during 
generalization testing was within the same limits and often better than 
that produced during the last discrimination session (cf. Table 2), with 
the confounding effects of the schedule order and reinforcement- 
nonreinforcement delivery ruled out during generalization, it would ap- 
pear that the Ss discriminated between the two exteroceptive stimuli. 
However, the stimulus dimensions (s) upon which this discrimination was 
based is not clear. The presently used test stimuli were not equated for 
brightness level and this quality is known to increase monotonically with 
flicker frequency (Geldard, 1953). Moreover, the 10-cycle/sec light is 


70- FIRST GEN. 


RESPONSES 


TOTAL 


SECOND GEN, 


SECOND GEN. 


OF 


PERCENT 


SECOND 


FLASHES PER ons 
3 sessions. 
Fro. 5. Relative generalization gradients for the first and second test 
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probably well below the critical fusion frequency (Misiak, 1951). Hence, 
the gradients on the left of Fig. 5 may represent response to a series of 
several flickering lights and a steady one or a series of several dim lights 
and a bright one. 

The decremental gradients on the right of Fig. 5 suggest that some Ss 
may have been attending more precisely to each stimulus value instead of 
responding exclusively on a "go" - "no go" basis. For example, on the 
second generalization test session, S8's behavior very accurate!y ordered 
the physical continuum, with a relatively large proportion of responses 
emitted to the 2 cycle/sec light. Here, too, as with the other Ss, the con- 
trolling stimulus continuum could be one of intensity or flicker frequency; 
had additional generalization testing been performed with a set of steady 
lights, each different in brightness level but representative of the levels 
created by the presently employed flicker set, a more positive position 
perhaps could have been taken (cf. Terrace, 1967a). 

Finally, a correct interpretation of generalization data gathered by 
extinction procedures poses problems. Emotional effects due to removal 
of reinforcements for a prolonged period may result in a loss of control: 
response bursts may occur in the presence of S— or stimuli proximal to 
it and/or unduly long pauses in responding may persist even when stimuli 
at or around the vicinity of S+- are programmed. Moreover, there is pos- 
sible contamination when one attempts to measure the attenuative (or 
maintaining) effects of novel stimuli on behavior while the frequency of 
that behavior over time is simultaneously descending to a very low level. 
These difficulties may be averted in future infant research if, in conjunc- 
tion with a reduction in the number and duration of stimulus presenta- 
tions, responding during generalization testing is occasionally reinforced 
during several preselected S+- trials (cf. maintained generalization pro- 
cedure of Pierrel, 1958). 
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Reinstatement of an Operant Response by the Delivery 
of Reinforcement during Extinction! 
JoSEPH E. SPRADLIN, Dean L. Fixsen,? AND FREDERIC L. CimARBEAUS | 
Bureau of Child Research, University о] Kansas, | 
and. Parsons State Hospital and Training Center 


rates for 4 consecutive days on a fixed-ratio schedule. They were then given 
а single extinction session. The extinction session lasted until they had met 
а 2-minute pause criterion 15 times. On five of the occasions after the Ss met 
the pause criterion, they were delivered reinforcement; on five other occa- 
sions а buzzer sounded; and on another five occasions no change in the 
environment occurred (control). The Ss made more responses after rein- 


l 
Twelve severely retarded children were conditioned to respond at stable | 
: 
| 
forcement than after the buzzer or after the control. | 


Recently, Spradlin, Girardeau, and Hom (1966) compared the number | 
of responses following noncontingent (free) delivery of reinforcement 
during extinetion with the number of responses following a control period 
during which there was no stimulus change. The results clearly indicated 
that the free delivery of reinforcement in extinetion reinstated behavior 
which had previously been maintained by contingent reinforcement. The 
present study was designed to replicate the reinstatement effect, with non- 
verbal children using a nutrient reinforcer with an added control to deter” 
mine if reinstatement could be established by the presentation of an 
abrupt novel stimulus. 


METHOD 


The subjects were 12 severely retarded children between 7 years, 4 
months and 14 years, 11 months of age. None of the subjects could be 
tested with such standardized tests as the Revised Stanford Binet or the 
Wechsler Intelligence Scale for Children. Their social age equivalents 0? 
the Vineland ranged from 1 year, 4 months to 3 years. Their social quo- 
tients ranged from 14 to 40. None was classified by the aide in charge of 
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his cottage as having functional speech. There were seven males and five 
females. The subjects had to meet the following criteria to be included in 


the reinstatement study; They had to eat M&Ms, cereal, mints, or marsh- 
mallows when they were offered to them; they had to be able to grasp and 
hold an object (pencil); they had to meet a stability criterion. The sta- 
bility criterion consisted of four consecutive sessions of responding in 
which the response rate for any single session deviated from the mean of 
four sessions by no more than 20%. Four of the original 17 subjects, se- 
lected on the basis of the first two criteria, were eliminated because they 
did not reach the stability criterion. A fifth subject was discarded because 
of an error in experimental programing. 


Apparatus and Experimental Room 


The experimental room in which the S was placed contained a white 
formica-covered response panel with two recessed Grason-Stadler push- 
button response keys located approximately 64 inches apart with a re- 
inforeement receptacle located midway between the two keys. Both keys 
were located approximately 32 inches above the floor, Below the response 
keys were two Lindsley manipulanda. For this experiment, both Lindsley 
manipulanda and the left response key were inoperable, The right 
response key was illuminated by a red light at all times, except when 
reinforcement was delivered. When reinforcement was delivered, the light, 
behind the response key was extinguished, the house light was dimmed, 
and the receptacle lighted for 5 seconds. The novel stimulus was a 90 dB 
(SPL) complex noise produced by a Line Electric Company six-volt 


buzzer. Reinforcement programing and response recording was done auto- 
matically by standard programing and recording equipment housed in 
а room adjacent to the observation room. The distance of the program- 
ing and recording equipment from the experimental room, plus 80 dB 
SPL of white noise, eliminated any control which relay clicks might 
exert over the Ss’ behavior. 


Establishing Responding on the FR Schedule 


Each child was trained through demonstration oe ME at 
to press the response key. Once the child was responding, the UE 
left the room and gradually inereased the ratio until an FR- dd 
Teached. The rapidity of the increase in ratio varied between Ss е 
to their response rate. The S was then maintained on an dora Эс au 
until the stability criterion was reached. There were two exceptions БШ 
Procedure—S, and S, were maintained on an FR-50 schedule ii rd 
of these Ss were high-rate responders who showed satiation effects towa 
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MEDIAN NUMBER OF RESPONSES DURING I-MIN. SAMPLE 


Fic. 1. Median responses during l-minute period after the occurrence of rein- 
forcement, the buzzer, or during the 1-minute control period. 


the end of the session. During conditioning, all sessions were 15 minutes 
long. 


Extinction of the Response and Evaluation of the Reinstatement 
Properties of Reinforcement Versus a Novel Stimulus 


Once the Ss met stability criterion, they were given a single extinction 
session. During the extinction session, the equipment was programed 8 
that a 2-minute pause in responding resulted in the occurrence of rel 
forcement (plus correlated stimuli), a novel stimulus (5-second їшї), 
or а control period (no stimulus change was presented). A 1-minut? 
sample of responding was recorded immediately after the S met each 
pause criterion. The presentation of reinforcement, novel stimulus, 
control period was replicated five times during the extinction period. 
sequence of presentation of the three events was the same during all Êê 
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ns for a given S. This resulted in six possible sequences of pres- 
entations of the three events. Two Ss received each sequence—thus 
completely counterbalancing sequence effects. 


RESULTS 
twelve Ss responded most during the 1-minute period fol- 
nforcement; two Ss responded most after the buzzer; and two 
ed most during the 1-minute control period. A Friedmann 
* of variance with ranked data was significant at the .05 level 


(Walker and Lev, 1953). When pairs of treatments were compared with 
the signed rank test for paired Observations, the number of responses 
made during the 1-minute period following reinforcement was signifi- 
cantly ter than the number of responses made after either the buzzer 


he median number of responses made during each of the 
uinute periods for the three conditions. A Friedmann analysis of 
ranks for replieations was also significant at the .05 level. This finding 
‘ction of the data indicate that number of responses decreased 
iditional replications. 


plus in 
with a 


DISCUSSION 


The present study, as well as previous studies, demonstrate that free 
reinforcement delivered during extinction results in the reinstatement 
of the aequired response above the level observed following either a 
contro! period or an abrupt auditory stimulus change (Spradlin et al, 
1966; Campbell, Phillips, Fixsen, and Crumbaugh, 1968). ‘These data 
lend further support to Jenkin’s (1965) contention that reinforcement 
can develop discriminative properties during free operant training, 
According to this interpretation, during experimental training, a chain 
develops in which the S runs off a series of responses followed by the 
delivery of reinforcement. The S then stops responding, retrieves the 
Teinforcement, and returns to responding again. After a series of such 
events, it is assumed that chaining occurs with the reinforcement serving 
as the S^ for resuming responding. Since reinforcement, is followed d 
once by responding without reinforcement (onset of аи 18 
assumed that the SP properties of reinforcement are only partia y m 
Suished during traditional extinction. Thus, when free ee 
introduced during extinction, it immediately reinstates responding. d 
decrease in the reinstatement effect as а function of repeated presenta- 


tions offers further support for this explanation. 
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SUMMARY 
This study investigated the reinstatement of responding during 
extinction as a function of reinforcement versus a novel stimulus. The 
Ss used were nonverbal, severly retarded children. The Ss made signif- 
icantly more responses during a 1-minute period following reinforcement 
than during either a 1-minute period following a novel stimulus or a 
1-minute control period. Number of responses made after the novel stim- 
ulus and during the 1-minute control did not differ significantly. 
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Infant Social Development: Some Experimental Analyses 
of an Infant-Mother Interaction during the 
First Year of Life! 


КовЕвт G. WAHLER 
The University of Tennessee 


An infant-mother interaction was studied over a period of about 1 year. 
During this time, experimental analyses of the infant’s developing verbal 
behavior were conducted. Results indicated that his mother served as an 
effective source of reinforcement for several infant responses classes. In 
addition, the data revealed that some infant response classes were function- 
ally related to older infant response classes, 


Although infancy has long been considered as a formative period of 
great importance for the development of social behavior, only recently 
have researchers become interested in detecting variables that are opera- 
tive during this stage. Prior to the last decade most investigators adopted 
normative approaches to the problem, primarily attempting to establish 
age limits within which certain social behaviors can be expected to ap- 
pear. The last decade, however, has seen an awakening interest in the 
use of experimental techniques, aimed at providing cause-effect analyses 
of infant development. Many researchers, a few working within the 
conceptual framework of reinforcement theory (e.g, Gewirtz, 1956, 
1961), and others postulating the existence of need systems (e.g., Bowlby, 
1958, 1960), have begun to shed light on the processes involved in early 
social development. j 

Most of the experimental studies of early social behavior have been 
conducted by the “need system" proponents, such as Caldwell (1962), 
Schaffer (1959, 1963, 1964), Spitz (1945, 1946), and Wolff (1959, ee 
Reinforcement theory, while it has stimulated a great deal of researc 
on the social development of children beyond the infancy stage (eg. 
Cairns, 1961; Stevenson, 1963; Hartup, 1964), has produced е 
mental analyses of this phenomenon in infants. The paucity of in m 
studies using the reinforcement model is surprising, both in terms of the 
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utility of the model in conceptualizing social development in older chil- | 
dren and the fact that those few infancy studies that have used the model 
have achieved positive results. Concerning this latter point, evidence has 
been presented to show that such infant behaviors as smiling (Brackbill, 
1958; Wahler, 1967), babbling (Rhiengold, Gewirtz, and Ross, 1961; 
Weisberg, 1963) and crying (Etzel and Gewirtz, 1967) may be under 
adult reinforcement control. It would thus seem that the reinforcement 
model could be fruitfully applied in more extensive analyses of early 
social behavior. 

“More extensive analyses,” for one thing, implies the fact that all 
currently reported reinforcement studies of infant behavior have been 
aimed at variables responsible for the maintenance of such behaviors, 
That is, the major goal of each study involved testing the reinforcement, 
value of adult social attention for already present, behaviors. While 
information is therefore available concerning reinforcement, variables in 
the infant/s current environment, little is known about his past environ- 
ment. Quite possibly, social reinforcement variables are also important 
in the development of behavior, but this conclusion cannot be directly 
supported by existing data. However, longitudinal studies of individual 
infants could shed light on this problem area. These studies might be 
addressed to the following points: 

If observations of an infant-mother interaction are begun shortly after 
birth, undoubtedly the observational records will eventually show that 
some class of infant behavior is frequently correlated with certain behav 
iors of his mother. At that point one might conduct the usually reporte 
experimental analyses to assess the mother's reinforcement control of this 
class (such control of infant smiling has been reported as early as 2 to Л 
months of age—e.g., Brackbill, 1958). At some further point in the in- 
fant’s life, continued observation will reveal the presence of new respons? 
classes. If experimental analyses indieate that the mother also has rein: 
forcement control of the new class, an ontogenetie question is posed: E 
the new class functionally related to any of the older classes? It is reat 
sonable to assume from the reinforcement, model that the development 
of a new response class occurs at the cost of the older classes. That i$ 
а new response class may be thought of as more effective means Ü 
obtaining reinforeement—more effective than a functionally similar older 
class. One would thus expect the older class to gradually diminish ЇЇ 
strength, through extinction and because it may be incompatible with #4 
new class, Eventually, then, a response strength hierarchy is formet, 
in which the newer class becomes the more likely response in a gie 
setting. ] 

If specific response strength hierarchies are formed in the infant? 
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development, systematic observation and experimental analyses will be 
helpful in demonstrating the phenomenon. When a new response class 
appears in the infant’s behavioral repertoire, observational data should 
reveal predictable changes in one of the older response classes. Specifi- 
‘cally, as the new class gains in strength, the strength of one of the older 
classes should gradually diminish—suggesting the beginning formation 
of a response hierarchy. Next, when the new class is subjected to exper- 
imental analysis, the previously identified older class should be pre- 
dictably affected. If both classes are influenced by the mother’s social 
attention, and if they exist in the same response strength hierarchy, 
then lowering the response probability of one of the classes should in- 
crease the response probability of the other class. Therefore, if the social 
contingencies of the new class are eliminated (through instructions to the 
mother) one would predict: (1) the strength of the new class would 
decline, and, (2) the strength of the older class would increase (while 
other response classes remain unaffected). The present study was designed 
to yield data relevant to these possibilities, 


METHOD 


Subjects, Apparatus, and Observers 


The subject (S) was a healthy, full-term male infant who was 
3 weeks of age at the beginning of the study. The S was obtained from a 
public listing of area births through the following procedure: all parents 
on the list were contacted through a letter requesting their participation 
in the study. Of 25 parents contacted, two announced their willingness 
to participate in the study. Both Ss were studied initially; but because 
of time and scheduling problems, one of the Ss was soon dropped from 
the study. j 

The apparatus consisted of an Esterline-Angus multichannel event 
recorder and two operating panels containing push-button mieroswitches. 
Depression of the mieroswitches by observers activated selected channels 
of the event recorder. This apparatus permitted the simultaneous 
recording of up to 20 response and stimulus classes. 

Observers were graduate students in Clinical Psychology ; all m 
Sophisticated in operant techniques and natural science OD 
Observation. While they were aware of the general purpose of the study, 
they were ignorant of the sequence of procedural steps involved. 


Dependent and Independent Variables 


In order to evaluate the developmental hypotheses outlined earlier, it 
was deemed important to choose as dependent measures, infant behaviors 
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that would be likely to display relatively rapid and frequent changes over 
time. Casual observation and normative research (e.g., Shirley, 1933) 
suggested that verbal behaviors would meet these criteria nicely. It was 
therefore decided to focus exclusively on the S's verbal responses. 
Prior research on infant social behavior (e.g., Rhiengold её al., 1959) 
has shown that a variety of adult social behaviors may serve as rein- 
forcers. Physical contact with the infant, talking to him, and smiling 
were all effective in controlling his behavior. Apparently, much of what 
an adult normally does or says in social interactions can be reinfor 
to the infant. It was thus decided to consider the above general class 
adult behaviors as possible reinforcers for S. This stimulus class was 
referred to as “mother social attention." 


Procedure 


The study was conducted in the S's home during the morning hours, 
on a regular once-a-week basis. Each session was 25 minutes in leng 
At the beginning of each session, S was placed face up in his crib by 
his mother and all distracting objects removed from his range of vision. 
Two observers then positioned themselves at opposite ends of the crib; 
allowing themselves an unobstructed view of S. The observers remained 
as immobile as possible in these positions while the experimenter (Æ) 
gave instructions to the mother. When the session began, the mother was 
positioned between the observers, leaning over the crib approximately 
3 feet from S's face. E stood behind the mother in partial view of S. 
For the first 5 minutes of the session, instructions to the mother were 

to play with S any way she wished as long as she did not pick him up. 
During this 5-minute segment, E and the observers kept a running written: 
record of S's verbal behavior. At the end of this time period, E and the 
observers discussed their records while the mother continued to play with 
S. Discussion was aimed at the classification of S's verbal behavior into 
categories, based on topographic similarities among his separate 
sponses (e.g., glottal sounds, including aspirate A or stops and catches 
made in the throat). 
When response classes were established by the face validity groupi 
described above, efforts were then made to assess their frequencies durin 
the next 20 minutes. In addition, mother social attention was recorde 
when contingent upon any of the classes. Instructions to the mother noy 
depended upon whether the session was designated as baseline or exper 
imental (see later section). The observers now made their recordings 
the multichannel event recorder. A timing device was also introduced 
that produced an audible click every 10 seconds. The observers were in 
structed to press and release selected mieroswitches upon hearing thé 
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click if members of any of the previously defined response classes or 
contingent social attention occurred during the preceding 10-second 
interval. At the end of each session observer agreement was computed 
for each response and stimulus class, To assess the reliability, an agree- 
ment or disagreement was tallied for every 10-second interval, and the 
percentage of agreements between observers was computed. Over all 
sessions, reliability checks showed observer agreement of 9096 or better. 

Baseline sessions. When a response class was formulated, its frequency 
was recorded from that point on. Baseline sessions served to assess 
the strength and stability of classes and to assess frequency relationships 
between classes. E examined the frequeney records after each baseline 
session with reference to the following points: (1) frequency measures 
of new response classes were examined in connection with older classes; 
(2) special note was taken of reciprocal frequency relationships between 
new and old response classes. That is, it was predicted that as a new 
class gained in frequency over sessions, an older class would decline in 
frequency. When such a relationship appeared, E scheduled experimental 
Sessions to evaluate the relationship and to assess mother reinforcement 
control of the new class. During the baseline sessions, the mother was 
instructed to be especially attentive to the new and old classes. Y 

Experimental sessions. Experimental sessions were scheduled without 
informing the observers. The mother was contacted prior to the session 
or while the observers were preparing their apparatus at the beginning 
of the session. In all instances she was instructed to ignore all oc- 
currences of the new class and told that she should “freeze” (ie. do 
nothing) when response members of the class occurred; when the response 
in question terminated she could again be attentive in апу уау she 
Pleased. E further informed the mother that he would signal her to 
“freeze” by tapping her on the shoulder. As she gained practice in the 
technique, E scheduled his signals to be less frequent. 1 Р 6 

On an arbitrary basis, E decided to limit the above modifications in 
mother social attention to three sessons. At the end of that time Æ again 
instructed the mother to be attentive to the new class—and to continue 
her attention to the older class. These instructions were in effect for the 
duration of the study. : 

If the mother на reinforcement control of the new class and if ү 
Dew class was functionally related to the older class, the following B 
Would be predicted: (1) frequency measures of ihe new class pius 
decrease and inerease correlated with the absence and presence o 
mother’s social attention contingencies; (2) the reciprocal e 
relationships between the new and the old classes should continue to be 
evident over the experimental sessions. 
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RESULTS 


The following data do not include mother social attention conti 
gencies. Records showed that her social attention was provided со 
uously for all of S's response classes except upon instructions by 
eliminate attention for specific classes. In all instances, she was 
pletely successful in following these instructions. Therefore, rather 
to needlessly complicate the following figures, mother contingency 
have been excluded. 

Figure 1 describes frequency measures of S's Glottal Sounds and 

bling-Cooing for the third through the thirty-first week of his life. 
erence to the baseline portion of this figure provides justification 
considering these two classes together. Glottal Sounds appeared 
B's verbal repertoire, followed 2 weeks later by Babbling-Cooi 
Babbling-Cooing gained in strength over the baseline sessions, 
Sounds diminished. 
' As predicted, eliminating mother's social attention for Babbling- 
was followed by reduced output of this class during the first experimel 
modification period. This finding, of course, lends support to the coni 
tion that the mother was an effective source of social reinforcem 1 
S at least by the time he was 2 to 3 months of age. Notice also tha 
reciprocal relationship between Babbling-Cooing and Glottal ‹ 
continued during the first experimental modification period; as Babbl 
Cooing was reduced in frequency, Glottal Sounds gained. 

Reference to the second experimental modification period p 
further evidence for mother reinforcement control and for the reci 
relationship between Babbling-Cooing and Glottal Sounds. Co 
with the mother’s resumed attention to Babbling-Cooing, this 
gained in strength and Glottal Sounds decreased. Thus, it would s 
reasonable to conclude that the mother’s social attention was at I 
partly instrumental in the maintenance of Babbling-Cooing, à 
conclude that this class existed in a response strength hierarchy 
Glottal Sounds. 

During the fourteenth and sixteenth weeks of S’s life, two new 
classes appeared in his verbal repertoire. These classes, labeled Sq 
and Coughing-Gasping are seen in Fig. 2. The classes were consid 
together because of their frequency relationship over the baseline 
sions; as the later appearing Coughing-Gasping increased in fre 
Squealing began to decline. 

Once again, mother reinforcement control of the new class (Cougl 
Gasping) was demonstrated; reference to the two experimental pe 
shown in Fig. 2 reveals that frequency measures of Coughing-Ga 
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Fic. 2. Frequency counts of Squealing and Coughing-Gasping over baseline and 
experimental observations, 


varied predietably with the absence and presence of mother social atten- 
tion contingencies. 

Figure 2 also provides evidence that the two response classes were in 
the same response strength hierarchy. The competition between these 
classes is evident over the baseline sessions; then, when the strength of 
Coughing-Gasping was manipulated during the experimental sessions, 
the reciprocal relationship between the classes was even more dramat- 
ically illustrated. 

Figure 3 represents the study's only failure to demonstrate mother 
reinforcement control During the twenty-fourth week of S's life, two 
new response classes were noted: Grunting and Laughing appeared in 
the same observation session and their development was recorded over 
five baseline sessions. At that point there was little evidence of response 
competition between the classes; in fact, their strengths appeared to be 
positively correlated. 

E decided on an arbitrary basis to assess mother reinforcement control 
over Laughing. However, as the experimental portions of Fig. 3 illustrate 
manipulation of mother social attention contingencies for this class P0” 
duced no predictable effects on Laughing. 


p a = 
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Figure 4 describes the last experimental analysis of the study. When 
S was 26 weeks of age, a new verbal class appeared in his repertoire. This 
class, best described as the sound “Ummm” developed rapidly in its fre- 
quency of occurrence until the twenty-ninth week, At that time another 
sound—the first two-syllable vocalization by S—was noted; as this sound 
(Ba Ba) began to increase in frequency over the baseline sessions, 
“Ummm” began to decline, suggesting the beginning formation of a 
new response strength hierarchy. 

Manipulation of mother social attention contingencies for the new elass 
(Ba Ba) was followed by predictable changes in both response classes. 
Ba Ba declined and then increased in frequency correlated with the 
absence and presence of mother contingencies. Also, as Ba Ba displayed 
these predicted changes in strength, Ummm continued to show its recip- 
rocal relationship to Ba Ba. Thus, as was true in Figs. 1 and 2, it would 
seem reasonable to conclude that mother social attention was at least 
partly instrumental in the maintenance of the new response class, and 
to conclude that this class existed in a response strength hierarchy with 
the older class. 

Some general comments about the preceding figures are warranted. 
In spite of mother’s continued social attention to S’s various response 
classes, all classes eventually declined in frequency and some disap- 
peared completely. In part, this trend may have been due to response 
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competition among the classes, For example, the eventual decline and 
disappearance of Glottal Sounds may have been due to the emergence 
of Babbling-Cooing and later classes. However, this speculation is not a 
plausible explanation for the decline in all of 8% vocalizations from the 
thirty-seventh week to the termination of the study. 

Early normative research by Shirley (1933) and MeCarthy (1954) 
provides the most plausible explanation for S's reduced verbal output 
toward the end of the study. These investigators concluded that response 
competition may exist between verbal and nonverbal behaviors during 
the first year of life. For example, Shirley (1933) found that infants’ 
vocalizations decreased in irequeney during periods when they were 
beginning to reach for objects, to sit alone, or to walk. Forewarned by 
these findings, E instructed the observers to also be alert for the occur- 
rence of this kind of behavior. Figure 5 provides correlational evidence 
that S's development of reaching behavior may have suppressed the 
development of his verbal behavior. As the figure shows, reaching in- 
creased dramatically and reliably from the twenty-sixth week of S's life 
to the termination of the study. 


DISCUSSION 


The data reported in this study lead to two conclusions: (1) social 
attention provided by S's mother was at least partly responsible for the 
Control of various classes of his verbal behavior; (2) some of these re- 
Sponse classes were functionally related to older response classes. That 
is, some newly developed response classes (under mother reinforcement 
control) were shown to bear reciprocal response strength relationships 
to specific older classes. This finding supports the notion Men [ein 
behaviors develop in response strength relationships with certain older 
behaviors: in other words, a newly occurring deem class may exist in 
а response strength hierarchy with some older с. ass. , 

These findings point to some interesting but puzzling үш B Pun 
infant/s social development. The demonstrations of mother rein iR va 
control and the discovery of specific response strength ved E 
Consistent, with the reinforcement theory model of dius ШЫ 
ment (Gewirtz, 1956, 1961). From this view it is reasonable ү н Sr 
tualize behavioral development in terms of increasingly CEP eda 
obtaining reinforcement. Early infant behaviors, PORUM alo be m 
While they may function to obtain social E ae atin 
efficient than newer responses, such as babbling. ae n re- 
that these response classes should bear reciprocal sta үр ЖУ 
lationships and their comparative response strengths shou 


Social reinforcement control. 
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Although these predietions were borne out during the experimental 
sessions, infant-mother interbehaviors during the baseline sessions did 
not meet these expectations. If the developing reciprocal relationships 
among infant response classes were due to greater effectiveness of the 
newer classes in obtaining mother attention, the mother’s behavior should 
have occurred on a selective basis. That is, looking at the developmental 
process from the mother’s standpoint, she is conceptualized from the rein- 
forcement, model as a selective dispenser of social attention; she attends 
selectively to successive approximations to adult behavior—weakening 
the more primitive elements and strengthening the more adultlike com- 
ponents. However, as the baseline data revealed, mother social attention 
was provided continuously for all infant response classes. Thus, one could 
not conclude that a “shaping” process was responsible for the formation 
of infant response strength hierarchies. It may well be that certain 
mother behaviors were more reinforcing for S than were others, but this 
contention could not be evaluated in the present study. No doubt, 
multiple stimulus classes of the mother’s behavior should have been 
recorded as were multiple response classes of S’s behavior. Perhaps 
further studies in the area will consider this point. 


REFERENCES 


Bowrey, J. The nature of a child's tie to his mother. International Journal of 
Psychoanalysis, 1958, 39, 350-373. 

Эш J. Separation anxiety. International Journal of Psychoanalysis, 1960, 41, 

BRACKBILL, Y. Extinction of the smiling response in infants as a function of rein- 
forcement, schedule. Child Development, 1956, 27, 205-221. 

Cams, R. B. The influence of dependency inhibition of the effectiveness of social 
reinforcers. Journal of Personality, 1961, 29, 466-488. 

CALDWELL, B. The usefulness of the critical period hypothesis in the study of filiative 
behavior. Merrill-Palmer Quarterly, 1962, 8, 229-242. 

Erzet, B. C., AND Gewsrrz, J. L. Experimental modification of caretaker-maintained 
high rate operant crying in a six- and a twenty-week-old infant (Infans tyran- 
notearus): extinction of crying with reinforcement of eye contact and smiling. 
Journal of Experimental Child Psychology, 1967 5, 303-317. 

Gewirrz, J. L. A learning analysis of the effects of normal stimulation, privation, 
and deprivation on the acquisition of social motivation and attachment. In 
B. M. Foss (Ed.) Determinants of infant behavior, London: Methuen, 1961. 

Gewirtz, J. L. A program of research on the dimensions and antecedents of emo- 
tional dependence. Child Development, 1956, 27, 205-221. 

Навтор, W. W. Friendship status and the effectiveness of peers as reinforcing 
agents. Journal of Experimental Child Psychology, 1964, 1, 154-162. 

McCarry, D. Language development in children, In L. Carmichael (Ed.), Manual 
of child psychology (2nd ed.) New York: Wiley, 1954. 

Кнвхсо, H., Gewrrz, J. L., AND Ross, Н. W. Social conditioning of vocalization 


INFANT SOCIAL DEVELOPMENT 113 


in the infant. Journal of Comparative and. Physiological Psychology, 1959, 52, 
68-73. 

Somarrer, Н. R, CALLENDER, W. M. Psychologie effects of hospitalization in in- 
fancy. Pediatrics, 1959, 24, 528-539, 

SCHAFFER, Н. R. Emerson, Р. E. The development of social attachments in infancy. 
Monographs of the Society for Research in Child Development. 1964, 29, 1-77, 

Scuarrer, Н. R. Objective observations of personality development in early infancy. 
British Journal of Medical Psychology, 1958, 31, 174-184, 

Survey, M. M. The first two years, a study of twenty-five babies: Vol. II, Intel- 
lectual development. Institute of Child Welfare Monographs. 8, Minneapolis: 
Univ. of Minnesota Press, 1933. 

Sprrz, R. A. Hospitalism: An inquiry into the genesis of psychiatric conditions in 
early childhood. Psychoanalytic Study of the Child, 1945, 1, 53-74. 

Srevenson, H. W., Keen, R., AND Кміснт, В. N. Parents and strangers as rein- 
forcing agents for children’s performance. Journal of Abnormal and Social 
Psychology, 1963, 67, 183-186. ө 

WAHLER, В. С. Infant social attachments: a reinforcement theory interpretation 
and investigation. Child Development, 1967, 38, 1079-1088. 

WEISBERG, P. Social and non-social conditioning of infant vocalizations, Child De- 
velopment, 1963, 34, 377-388. 

Wourr, P. Н. Observations on the early development of smiling. In B. М, Foss 
(Ed.), Determinants of infane behavior, London: Methuen, 1963. н 

Уор, P. Н. Observations on newborn infants, Psychosomatic Medicine, 1959, 21, 
110-118. 


JOURNAL OF EXPERIMENTAL CHILD PSYCHOLOGY 7, 114-121 (1969) 


Suppression of Stereotyped Screaming Behavior in a 
Profoundly Retarded Institutionalized Female! 


Joun HaMILTON AND Jon STANDAHL 
Gracewood State School and Hospital, Gracewood, Georgia 


The study presented involved the suppression of stereotyped screaming 
behavior which was of such high frequency and intensity that it was 
very disrupting to cottage management. The method used was a shock 
punishment procedure which has been found effective in eliminating or 
reducing violent, disruptive and self-abusive behaviors in other residents. 
The first phase involved suppressing the screaming behavior for daily 
15-minute periods during which one experimenter administered shock 
after every response. Next, this suppression procedure was extended 
to 2 half-hour periods with two different experimenters. Finally, the 
procedure was extended to all cottage personnel on a 24-hour basis. 


In 1964 Lovaas et al. reported the use of painful electric shock to 
suppress self-injurious behaviors in two severely disturbed children. 
These shock contingent behaviors were suppressed within minutes and 
remained suppressed for months. This technique was diseussed further 
in two subsequent publications by Lovaas and his collaborators (Lovaas, 
Freitag, Gold, and Kassorla, 1965; and Lovaas, Schaeffer, and Simmons, 
1965). This basic procedure has been similarly used by other investi- 
gators to eliminate or drastically reduce self-injurious behaviors (Ball, 
Dameron, and Lovaas, 1964; Insalaco and Hamilton, 1966; Kushner, 
1967; Risley, 1964; and Tate and Baroff, 1966). In no cases were un- 
desirable side effects observed. On the contrary, a generalized improve- 
ment in behavior was reported in every case. 

At this institution, the state facility for the mentally retarded, the 
shock punishment procedure was extended to a wide variety of serious 
behavior problems in severely and profoundly retarded residents. Ex- 


*The program was aided by Hospital Improvement Project Grant MH-0172242 
from the National Institute of Health. Consistency of programming in the cottage 
was attributed to supervisor Lois Wilson and attendant staff Mattie Newsome 
Ruby Mixson, Jeanette Tinley, Sadie Robinson, Mary Oliver, Dorothy Cook, 
Ellen Bridges, Evan Daniels, Willie Blackstone, Lillian Deas, Lurlia Carter, an 
Isabel Heath. Data collection and programming were assisted by Marilyn Good- 
rich. Graphing was done by Emilie Davall. ў | 
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amples of these problem behaviors were: Window-breaking, paper- 
eating, rectal-digging, ruminating, and physically abusing oneself or 
other residents. These cases generally involved a definitive response 
which occurred persistently at least several times a day. The program 
involved administering a short electric shock with a three-battery 
powered shock stick immediately following each response. In most 
cases this punishment procedure was effective immediately in reducing 
and eventually eliminating the programmed behaviors. As reported by 
others, no undesirable side effects were observed. 

A few cases, however, involved a high frequency, regularly occurring 
response which was not suppressed rapidly and which did not generalize 
readily to no-shock conditions. In this paper a case is presented in 
which screaming in the cottage was controlled by means of electric shock. 
This сазе was selected for presentation because it involved a gradually 
suppressed high frequency response, shock adaptation, and procedures 
of generalization. 


METHOD 


Subject 


Pat is a profoundly retarded 24-year-old female who has been insti- 
tutionalized for over 14 years. She has always required custodial care in 
dressing, feeding, bathing, and toileting. She has never made any 
intelligible vocalizations. Since institutionalization, her most charac- 
teristic behavior has been to emit low pitched, high intensity screams 
at à rate of about ten every minute during most of her waking hours. 
Due to its characteristic sound, this screaming behavior will be de- 
described hereafter as “growling.” To attest to the distinctiveness 
this growling response, a 10-minute tape recording was made ^ ie 
cottage, during which Pat emitted 151 а Four raters independently 
classified each of these responses identically. : А 

The intensity of this growling behavior was not only very E 
to cottage personnel and residents but made working with P ا‎ jui 
difficult. Various approaches to the problem had been attemp кан 
Past. The least systematic program involved C TRA es od 
Worker to her on a regularly scheduled basis io provide ra 4 
activity, and companionship. The most systematic program alae 
Providing social attention and consumable rewards during ponpe En 
Periods and withholding these rewards during “ied hr ipd 
such attempts to modify the growling behavior failed. m AA i 
of vocalization were present which were not of a disrupting : 
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low, soft moaning sound, described hereafter as *mooing"; and a series 
of soft, high pitehed, sharp sounds, described hereafter as “chattering.” 


Apparatus 


Recording apparatus. In order to record four separate events over 
time (growling, mooing, chattering, and shocking), a recording box 
was assembled with four micro-switches on top, one for each event. The 
box contained a 24-volt power supply, a 30-minute timer, a cutoff 
switch, and a four-pen Rustrak recorder with a paper feed of 1 inch 
per minute. 

Shock apparatus. Two types of shock equipment were used. The first 
was a Lee-Lectronic Trainer (Lee Supply Company, Tucson, Arizona), 
consisting of a receiving and transmitting unit. The battery powered re- 
ceiver was an 8-ounce unit worn on a waist belt with two penny-size 
electrodes spaced 10 inches apart touching the skin. The battery powered 
transmitter was a compact portable unit operated by an on-off switch. 
When activated, the transmitter released in the receiver a mild, medium 
or heavy (depending on setting) capacitor charge to the subject. 

The second type of shock equipment used was a standard shock 
stick (Hot-Shot Products Company, Minneapolis, Minnesota); a tube 
12 inches long by 1% inches in diameter, containing two electrodes 
34 inches apart, an induction coil, an on-off switch, and three size C, 
1.5-volt batteries. 

The types of shock administered by these two pieces of apparatus 
were qualitatively different. The first was a single large pulse while the 
second was a rapid series of short pulses. Both delivered a painful, but 
noninjurious, shock. 


PHASE 1 


Procedure 


Pre-training sessions. During half-hour sessions for an 8-day period, 
the frequencies of growling, mooing, and chattering vocalizations were 
recorded. During these base rate sessions, Pat was restrained in а 
sleeve jacket to a bench in the cottage. (Such restraint was a customary 
procedure due to her chronic habit, at that time, of rectal-digging, 
therefore, it did not create an unusual condition.) The shock apparatus 
was strapped to her waist during these sessions, but no shock was 
administered. 

Training sessions. From sessions 9 through 26 the procedure was the 
same as during pretraining except that during the last 15 minutes of 
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each 30-minute session, a shock was administered immediately fol- 
lowing every growl. Through session 18 the shock intensity was set at 
medium, but because of an apparent, adaptation effect it was changed 
to heavy from sessions 19 through 26. 


Results 


Cumulative functions of the number of growls during each half-hour 
base rate and training session are presented in Fig. 1. 

During base rate sessions, the rate of growling was high and fairly 
consistent, ranging from 178 to 435, with an average half-hour rate of 
330. During the first two training sessions (Sessions 9 and 10), no effect 
on growling was evident. In Sessions 11 and 12 growling was sharply 
reduced during shock periods and also, to a lesser degree, during no- 
shock periods. In Session 13, during the first 12 minutes, growling 
returned to its previous level, but suppression was indicated by reduced 
growling near the end of the first 15 minutes which continued throughout 
the shock condition of the second 15 minutes. Sessions 14 through 18. 
reflected a return to base rate levels during both shock and no-shock 
periods. Apparently, the suppressive effect of medium intensity shock 
had lost its effect. 

With the increase of intensity of shock in Session 19, an immediate 
Suppression effect occurred in the shock condition which remained with 
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little change through Session 26, when the Phase one training was ter- 
minated. The variability in growling between sessions 19 and 26 was 
restricted primarily to no-shock periods. 

During the shock condition growling was effectively suppressed. The 
effects of this procedure on the other vocalizations, mooing and chatter- 
ing, are illustrated in Fig. 2. 

This graph shows frequencies of chattering and mooing simultaneously 
recorded during each of the 26 sessions discussed above. Inspection of 
these functions indicates high variability of both chattering and mooing 
but no meaningful changes in frequency throughout base rate and 
training sessions. The training, therefore, was singularly specific in its 
suppressive effect on vocal responding, effecting only the predesignated 
response of growling. 


PHASE 2 


Procedure 


The growling response, effectively suppressed during shock conditions, 
occurred with its usual frequency and intensity at all other times. Phase 
2 involved generalizing this suppression to other experimenters 4" 
other cottage conditions. 

For two half-hour periods 5 days a week, Pat was fitted with the 
shock receiver, but instead of being restrained to the bench she was 
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allowed to wander freely in the cottage or in the outdoor play yard, 
Two different experimenters, one was assigned to an a.m. period and 
the other to a p.m. period, administered shocks every time growling 
occurred. 


Results 


The results of this procedure are presented in Fig. 3. 

Observation of these cumulative functions indicates that by day 18 
growling was almost eliminated during these two half-hour sessions. 
The average growling frequencies during the first 17 morning and 
afternoon sessions were 25.5 and 19.2, respectively; from Sessions 18 
through 32 the average rates were 2.2 and .8 respectively. Comparing 
morning with afternoon sessions suggests that growling may have been 
à stronger response in the mornings, but in both cases the response 
clearly was suppressed by training day 18. 


PHASE 3 


Procedure 


The growling response, successfully suppressed during these extended 
training sessions, still occurred with its usual frequency at all other 
times. The program then was expanded to a 24-hour basis on a loosely 
defined intermittent punishment schedule in an attempt to facilitate a 
generalized suppression of growling, Azrin and Holz (1966) summarized 
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the research comparing continuous and intermittent punishment sched- 
ules by stating that when the punishment contingency is discontinued, 
continuous punishment allows more rapid recovery of responses than 
does intermittent punishment. The remote control shock apparatus was 
replaced by the shock stick to facilitate around-the-clock programming. 
All cottage personnel were instructed to administer shock on the average 
of one out of ten growls. After several growls, the attendant would say 
“по,” take the shock stick from the central station in the cottage, and 
give Pat one brief shock on the arm. 


Results 


Growling gradually diminished until, 3 months later, growling be- 
havior occurred infrequently. When it did occur, it was most often at 
times when Pat was out of the cottage, such as in the dining room or 
play yard. For all practical purposes, therefore, this disturbing growling, 
which used to occur many thousands of times a day, was no longer a 
problem. After 1 year of continued infrequent growling behavior the 
program was discontinued. 


DISCUSSION 

In most савез, a specific response can be rapidly suppressed by making 
shock contingent on each occurrence of that response. This procedure 
has been found to be effective and practical. In the case presented in 
this paper, such a program consistently carried out on a 24-hour basis 
might have been more effective. The understaffed cottage conditions, 
however, made it impractical to involve cottage staff in such circum- 
seribed individual programming. Instead, the problem was broken up 
into more manageable phases. 

The first phase involved suppressing the growling response as com- 
pletely as possible in daily 15-minute periods during which one experi- 
menter administered a shock after every response. Next, the base was 
broadened by extending the time to two half-hour periods during which 
two different experimenters administered the shock following every 
response. With the effective suppression of the growling response during 
these periods, the administration of shock was extended to all cottage 
personnel on a 24-hour basis. The succession was gradual, and success 
was attained at each phase before progressing to the Dx. 

The experimental control exhibited in Phases 1 and 2 by necessity 
was reduced in Phase 3. Personnel were not available to maintain an 
exclusive 24-hour vigilance, record data, and administer shock on 3 
predetermined intermittent schedule. The cottage personnel had, how- 
ever, been trained to execute individual and group behavior modification 
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programs with considerable reliability in this cottage setting, There- 
fore, many of the customary shortcomings of generalizing results from 
the experimental setting to the daily living environment were minimized, 

There seems little question that the shock punishment procedure, 
when programmed for specific behaviors and consistently carried out, 
is a very effective suppressive technique. However, the advisability of 
introducing this technique as a control procedure to general cottage 
settings is questionable. Although no undesirable side effects were 
observed in the residents involved in shock programs in this setting, 
the technique itself had some undesirable consequences. First, the use 
of shock itself promoted social criticism from other areas. Second, the 
very effectiveness of the method tended to create a negative attitude in 
the cottage personnel toward considering alternative methods for con- 
trolling undesirable behaviors. It is therefore recommended that shock 
as a suppressive technique be used only (1) when the behavior to be 
suppressed is dangerous to the resident or others or is so disruptive that 
training in alternate and more appropriate modes of responding is 
severely inhibited, and (2) when the more positively directed forms of 
behavioral control have been attempted unsuccessfully. 
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The Heart-Rate Response of Four-Month-Old Infants 
to Auditory Stimuli* 


RacHEL Keen CLIFTON AND WILLIAM J. MEYERS 
Institute of Child Behavior, University of Iowa 


Fourteen four-month-old infants were presented with a tone of moderate 
intensity, similar to one previously used with newborns, to determine if 
cardiac response patterns were the same in the two age groups, Stimulus repe- 
tition effects and then dishabituation to a nonfamiliar stimulus were also 
investigated. While the newborns had responded to this auditory stimulus 
with cardiac acceleration, the older infants showed deceleration. The largest 
response decrement occurred between the first six trials and the remaining 
trials. Response to the first nonfamiliar stimulus differed from response on 
the immediately preceding trial. It was hypothesized that the appearance of 
a decelerative heart-rate response in the early months of life mav signify 
the development of the orienting response. 


The typical heart-rate (HR) response of the newborn has been foun 
to be a monophasic increase which lasts for several seconds (Bartoshu 
1962a, 1962b; Bridger, 1961; Keen, Chase, and Graham, 1965). In co 
trast to the newborn’s response, older infants around four to six mon 
of age are reported to show decelerative HR responses (Kagan and Lewis, 
1965; Lewis, Kagan, Campbell, and Kalafat, 1966; Meyers and Cantor 
1967). A major procedural difference between the two sets of studies 
that simple auditory or tactile stimuli were used with newborns whi 
rather complex visual stimuli were-used with the older infants. The oP 
posing direction of HR response observed in newborns as compared 10 
older infants could be due to differences in stimulus properties or devel 
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opmental ehanges in mechanisms of autonomie control (Lipton, Stein- 
schneider, and Richmond, 1966). 

Lipton et al. (1966) presented the ваше airstream stimulus to the 
same Ss at three different ages and found evidence for а developmental 
shift in the HR response. Each S received at least three sessions, the first 
during the newborn period, and the second and third at 215 and 5 months. 
At all three ages an initial acceleration was observed to the airstream 
stimulus. However, larger and longer accelerations were noted during 
the newborn period than when infants were older, Further, the infants, 
when older, had larger “maximal overcompensation” responses, which 
indicated that they showed more deceleration below the baseline fol- 
lowing a brief initial acceleration, 

The present study investigated the possibility of a developmental shift 
in the HR response to auditory stimuli. Four-month-old infants were 
presented with a 10-second tone whose characteristics matched the stim- 
uli in a previous newborn study (Clifton, Graham, and Hatton, 1968). 
Out of five stimulus durations employed in the Clifton et al. study, a 
10-second tone produced maximal HR accelerations. If this stimulus 
elicited a HR’ deceleration in the older infants, this would support the 
hypothesis that а developmental shift in the HR response occurs some- 
time within the first few months of life. ^ 

À second. question investigated was whether pulse frequency of a tone 
would affect the magnitude of response. In addition to the constant or 
non-pulsed stimulus employed by Clifton et al. (1968), two other types 
of stimuli were presented by pulsing the tone on and off at different ios 
within the 10-second stimulus period. A pulsed stimulus a be ee { 
етей more complex than a constant stimulus and it was predicted tha 
magnitude of HR deceleration, if it appeared, would be larger for more 
complex tones. : Ў n 

A third concern was with the phenomena of habituation and d 
uation. Habituation is defined here as à decrement in responding | 
Stimulus whieh has been presented repeatedly without Mg ue 
Dishabituation is the recovery of the habituated response pet Шо 
nonfamiliar stimulus is presented. In this study, Ss were ini ee 
sented with the same stimulus for several trials, then a nonfar ial 
Stimulus was introduced. Those Ss receiving the constant tone on yum 
trials were switched to the pulsed tone, and vice versa. xoc ii 
the response was expected with repetition of the stimu he a It may 
increment was predicted to accompany the nonfamiliar poc effect 
be that stimulus complexity affects response habituation, E timtal 
Would be difficult to evaluate if complexity produces ашан 
"sponse magnitudes, as was hypothesized earlier. 


Apparatus 


The Ss were tested in a quiet, sound-attenuated room, with recording 
equipment housed in an adjacent room. Two response measures were 
obtained, HR and skin resistance, Beckman Biopotential electrodes were 
taped to S's chest, and the EKG was monitored on a Grass polygraph. А 
pulse coincident with the r-wave from a Fels eardiotachometer triggered 
a Hewlett-Packard Counter-printer which continuously printed out heart 
periods in milliseconds, Skin resistance was recorded from two clectrodes 
attached to the sole and calf of the left leg, but there data were unusable 
due to frequent malfunction of the amplifier. 

The auditory stimulus was the square wave output of an Eico audio 
generator set at a frequency of 300 This output was fed through а 
speaker placed about eight feet away 5, and gave a reading of 70 db 
(re 0.0002 dynes/cm*) on a General Radio sound level meter placed at 
the site of the infants head. Stimulus onset and intertrial intervals, which 
varied randomly between 40 and 60 seconds, were controllo! by a tape 
reader and Hunter timers. A Hunter recyeling timer was al«^ used when 
the stimulus was pulsed rather than constant. Stimulus on=' and offset 
were recorded on the polygraph and on the printout of heart periods. 


Procedure 


Experimental procedures were explained to the mother, the clectrodes 
were attached to the infant, and S was placed in an infant scat in a semi- 
reclining position. The mother and E watched the infant through а one- 
way window from the equipment room, while a second E sat behind and 
out of sight of S. The only contact made with S during the experi 
session was E's offering а pacifier if S cried. Е remained out of sight 8$ 
much as possible when offering the pacifier. 

All Ss were presented with a 10-second stimulus for 15 trials, thet 
received а new stimulus on trials 16 through 20. Three different stimulus 
patterns were used. In а constant condition, Se heard the unint 
square wave during the 10-second stimulus period. In two pulsed eon- 
ditions, the 10-second period was broken into either 1-«econd on, 1- 
off, or 44-second on-off cycles. Thus, defining complexity as the number 
of on-off cycles or clements, the constant stimulus had only one 
element, the stimulus pulsed every second had five, and the sti 
pulsed every !ó-second had ten elements, 
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Subjects 


The subjects were solicited by running an ad in the local newspaper, A 
total of 29 infants participated in the study. If an infant cried contin- 
uously throughout the 10-second stimulation period on three consecutive 
trials, the session was discontinued and the data were not analyzed. In 
such cases, the authors felt that any habituation or stimulus effects pres- 
ent would be disrupted by the infant's state. In addition, crying infants 
usually cried louder than the 70-db tone, thus creating a higher ambient 
noise level and making it difficult to hear the stimulus on those trials, 
Thirteen infants failed to complete the experimental session due to 
crying on three consecutive trials, and two more records were eliminated 
due to apparatus failure leaving 14 Ss whose data were analyzed for 
this experiment, 

For the first 15 trials, seven Ss received the constant tone, (referred 
to as the Constant group hereafter), three received the 1-second pulsed 
tone, and four the Y5-second pulsed tone. An analysis of variance on the 
pulsed groups alone indicated no significant differences attributable to 
the type of pulsed tone, i.c., all effects involving groups were nonsignifi- 
cant. In all analyses subsequently reported, the data for the two groups 
were combined, and will hereafter be referred to as the Pulsed group. The 
nonfamiliar stimulus for the Pulsed group was the constant tone. Tnithe 
Constant group, four Ss received the 1-second, and three Ss received the 
¥4-second pulsed tone for the nonfamiliar stimulus. 1 

Of the 13 infants excluded for crying, five had been assigned to the 
Pulsed group and cight to the Constant group. One S in the latter group. 
Was excluded before the experimental session began. Range of Ss' age 
Was 16-18 weeks, with a mean age of 17.3 weeks and 17.1 weeks for 
Constant and Pulsed groups, respectively. 


Data Reduction 


For each S on each trial the r-r intervals pss рен ai the T 
r-r interval per second, using all fractions of interval occurring wish 
the second and weighting each interval proportionate to the time VR 
by that interval. These average r-r intervals were computed for 1 pond 
Preceding stimulus onset and for 20 seconds postonset on each ves ren 
transformation of the data allowed a second-by-second analysis 2 
ulus offset effects as well as onset effects. The average r-r sce 
then transformed to HR in beats per minute (bpm) for each o the : 
Seconds described above. For the habituation phase of the stehe 
data for Trials 1-15 were blocked into five 3-trial blocks for жеке 
and graphing. If a record was illegible for a beat or two, the average 


126 CLIFTON AND MEYERS 


HR readings on either side was substituted. In one instance a trial had 
more than three consecutive seconds which were illegible, and the average 
of the other two trials in that block was substituted. 


RESULTS 


Prestimulus Level 

An analysis of variance of prestimulus level (HR during the second 
immediately preceding stimulus onset) indicated no significant differ- 
ences for groups (F (1, 12) = 0.69, error MS = 13542) or trials (F (4, 
48) = 0.50, error MS = 67.5). However, prestimulus level does vary 
among individual Ss, and it affects magnitude of response to а stimulus 
such that high prestimulus HR is associated with large changes while а 
low prestimulus rate is associated with small ehanges to a stimulus if 
the expected change is HR deceleration (Benjamin, 1963; Lacey, 1956; 
Wilder, 1956). The present data were adjusted for initial level effects 
with the following formula: AD = D — b, (X — $) where Ар = 
adjusted difference, D = postonset HR minus prestimulus HR, bu = 
—.159, and X = 152.3 bpm. In this adjustment, Ба, is а pooled linear 
regression coefficient. (Snedecor, 1956, pp. 394-399. Homogeneity of re- 
gression coeficients was tested in the following ways: (1) Between 
groups; (2) among the first 18 trials at each postonset second (i.e, 1-20), 
using X = HR during the second immediately preceding stimulus onset; 
in addition Trials 1-18 were tested at Seconds 11-20, using X = HR on 
Second 10, the second immediately preceding stimulus offset: (3) the 
Trials X Groups interaction was tested at Seconds 1-10, using X = HR 
on the —1 second, and Seconds 11-20 using X = HR on Second 10. No 
Р ratios were significant, indicating homogeneity of linear regression. 
Difference scores adjusted by the above formula replaced each of the 
second-by-second data points previously described. 


Response Curves 


The shape of the HR response was examined by graphing and through 
statistical analyses. The response curve, averaging over trial blocks for 
each of the 20 postonset values, was an immediate HR deceleration for 
both groups. In Figure 1, adjusted HR difference scores are plotted at the 
end of the time interval they represent for the first 20 seconds after 
stimulus onset. It should be noted that since the heart periods and the 
stimulus code were printed out at the end of each r-r interval, stimulus- 
onsets were recorded about 4 -весопі, on the average, after they 0 
curred. Thus in all figures, all postonset seconds are indicated approx 
mately 14-second later than they actually occurred. 
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POST-ONSET SECONDS 
Fic. 1. Adjusted difference scores for Constant and Pulsed groups on postonset 


Seconds 1 through 20. Curves are means of the first 15 trials, and illustrate both 
stimulus onset and offset effects. 


For the Pulsed group, deceleration peaked at 6 seconds postonset, then 
began a slow return to base level, which lasted until Second 16. The 
Constant group exhibited a more complicated response curve. The initial 
deceleration to stimulus onset was of smaller magnitude and peaked at 
postonset Second 5, before beginning а return toward baseline. А 
second decelerative wave began at stimulus offset, peaked at postonset 
а 13, and remained below the response curve of the Pulsed group 
throughout the time period graphed. 1 

A 2 X 5 X 10 х 2 analysis of variance was performed with one be- 
tween S factor (Groups) and three within S factors (Trial blocks, Sec- 
onds, and Stimulus on-off). The on-off factor was obtained by dividing 
the 20 postonset seconds into Seconds 1-10 (on) and Seconds 11-20 
(off). No main effects were significant, but three interactions were 
found: Seconds x On-off (F(9,108) = 17.70, p< 005); Groups X On- 
off (F(1,12) = 903, p < .025); and Seconds x Groups X On-off (F(9, 
108) = 3.59, р — 01). 

In an effort to break these interactions down into simple effects, the 
on-off factor was split and an onset analysis of variance (Seconds 1-10) 
and an offset analysis of variance (Seconds 11-20) were performed. The 
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onset analysis yielded a significant main effect of seconds (F (9,108) = 
10.72, р < .001) and a Seconds X Groups interaction (F (9,108) = 2.04, 
p < 05). Using a technique suggested by Winer (1962, p. 310), contrasts 
for testing differences between the groups at each second were computed. 
Pulsed and Constant Ss differed on Seconds 1, 2, 6, 7, 8, and 9 (F(1,2) 
= 6.34, 4.76, 5.90, 5.63, 9.15, and 6.16, respectively; р < .05). These 
differences on the later seconds appear to be due to the Pulsed group's 
longer and greater magnitude of deceleration during the stimulus period. 
Further tests were necessary in order to conclude that both groups 
independently showed reliable HR deceleration to stimulus onset. One- 
way analyses of variance showed a main effect of seconds (F (9,108) = 
9.80, p < .005 for the Constant group; F(9,108) = 62.04, р < .001 for 
the Pulsed group). The Newman-Keuls procedure applied to the means 
for the Constant group led to the following conclusions (p < .05). The 
peak decelerative response was reliably below the initial response level 
as indicated by significant mean differences between the Second values 
for 1-3 vs 4-7, 1 vs 8-10, and 2 vs 10. Second, a return to base level 
began before tone offset (i.e, Seconds 8 and 9 were significantly higher 
than Second 5). Similar conclusions held in the Pulsed group although 
а more rapid initial HR deceleration occurred as indicated by differences 
among Seconds 1, 2, and 3. The Pulsed group showed the additional 
significant comparisons: Seconds 1-3 vs 4-10, and Seconds 5-7 vs 4 and 
10. These findings substantiate the impression from Fig. 1 that HR in 
both groups decelerated to stimulus onset. 
А For the offset analysis, new adjusted difference scores were calculated 
in the manner previously described, except that X — HR on postonset 
Second 10, i.e., the second which immediately preceded stimulus offset. 
The offset analysis of variance confirms the impression from Fig. 1 that 
the groups differ during this phase. Signifieant main effects of groups 
(F(1,2) = 35.09, р < .001) and seconds (F(9,108) = 8.37, p < 01) 
were found, plus a Groups X Seconds interaction (F (9,108) = 234, 
P 05). Contrasts for individual seconds revealed that the groups 
differed on all seconds (F(1,12 = 8.03, р < .05). If the curve for the 
Constant group had not changed direction after stimulus offset, one might 
infer that the group difference in the offset analysis of variance WAS 
probably due to a slower return to base level for the Constant group- 
However, the appearance of a second deceleratory wave following stimu- 
lus offset warranted further investigation to determine whether this WA 
a reliable response. Preparatory to running comparisons between seco! 
one-way analyses of variance were performed separately on each group: 
resulting in a significant main effect of seconds for both groups (F (9,108) 
= 8.23, р < 005 for the Constant group; (F(9,108) = 19.61, р < 
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for the Pulsed group). The Newman-Keuls procedure was again used for 
making comparisons between individual seconds, The following statis- 
tically significant comparisons are pertinent for determining the reli- 
ability of the deceleratory wave following stimulus offset in the Constant 
group: HR on Seconds 12 and 13 was decelerated below HR on Second 
11; HR on Second 12 was decelerated more than on Seconds 15 through 
20; HR on Second 13, the peak of deceleration, was lower than on Sec- 
onds 14 through 20. In addition, HR on Second 17 and 20 was higher 
than on Seconds 11, 14, and 15; also Second 17 was higher than Second 
19, 

In the Pulsed group, the following Newman-Keuls comparisons were 
significant: HR on Seconds 13 through 20 was accelerated above Seconds 
11 and 12; HR on Seconds 14 through 20 was accelerated above Second 
13. All comparisons reported are significant. at p < 05. These findings 
Suggest that the Constant group responded to both onset and offset with 
HR deceleration while the Pulsed group made a substantial HR de- 


celeration only to onset. 


Stimulus Repetition Effect 


In the analyses reported above, no main effect or interactions involving 
trials were found. Data for the five separate trial blocks are plotted in 
Fig. 2 for the 20 postonset seconds. Trial effects were most evident during 
the first few seconds after stimulus onset; response curves on later sec- 
onds showed greater variability and less difference among trial blocks. 
The 20 postonset seconds were broken down into 5-second segments to 
Yield four new analyses, Trial blocks were a significant effect only in the 
analysis of variance on Seconds 1-5 (F(4, 48) = 3.39, p < .025). Curves 
in Fig. 2 indicate that HR on Trial blocks 1 and 2 decelerated below HR 
on the other trial blocks. Comparisons for the following orthogonal set 
Were made: Trial blocks 1 and 2 ys the rest; 1 vs 2; 3 vs 4 and 5; and 
4 vs 5. Only the first comparison was significant (F(1, 12) = 643, р < 
05), indicating that the response began to habituate after the first six 
trials, 

As would be expected from the overall analyses reported in the preced- 
ing section, a seconds main effect was significant for analyses of variance 
on Seconds 1-5, 6-10, and 11-15 (F(4, 48) = 17.23, 3.84, and 6.89, re- 
Spectively; p < .01). In addition, the stimulus offset effect rd bm 
evidenced by a Seconds X Group interaction in the analysis 0 Mee 
for Seconds 11-15 (F(4, 48) = 549, p < 01). A group main effec p 
the only significant source of variance in the Seconds 16-20 is n 
(F(1, 12) = 5.48, р < .05). This last effect is best illustrated in Fig. 1, 
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Fio. 2. Second-by-second curves for Trial blocks 1 through 5. Each curve is the 
mean of 3 trials and 14 Se. 


and appears to be due to the continued deceleration in the Constant 
group after the Pulsed group has returned to prestimulus level 


Düshabituati 


When trials 16 through 20 were graphed separately (not shown), the 
effect of the nonfamiliar stimulus appeared to dissipate after one 
To make comparisons between the habituated response and the response 
to the nonfamiliar stimulus, Trial 15 (the last habituation trial) wat 
compared separately with Trials 16, 17, and 18 in six analyses of var 
ance, three testing onset effecta and three testing offset effects. Each 
analysis of variance contained one between S factor (Group! and two 
within S factors (Trials and Seconds). The data were the same type 
adjusted difference scores as were previously used except that indivi 
trial data rather than trial-blocked data were used. The only «igni 
outcome relevant to dishabituation, i.e., effects involving trials. was * 
Seconds X Trials interaction (F(9,108) = 236, p < .05) in the 
analysis of Trial 15 vs 16. Individual contrasts for the various 
showed Trials 15 and 16 to differ on Seconds 6 and 7 (F(1. 12) = 620 
7.65, respectively; p < (05). This appeared to be due to а т 
deceleration on Trial 15, and a possible acceleration beginning оп Second 
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4 for Trial 16 (Fig. 3). These apparent differences were further tested 
by one-way analyses of varianee on Trials 15 and 16 individually. Trial 
15 had а main effect of seconds (F(9, 108) = 2.66, p < .05) while Trial 
16 did not. Thus, there was no significant change in HR in response to 
the stimulus on Trial 16, while reliable HR deceleration was observed on 


the previous trial. 


DISCUSSION 

Results of the present study indicate that four-month-old infants re- 
spond to а simple auditory stimulus with HR deceleration. This is in 
contrast to HR acceleration exhibited by newborns to such a stimulus. 
Several hypotheses might account for this directional change in the early 
months of life. Lipton, Steinsehneider, and Richmond (1966) speculated 
that greater vagal tone in the older infant might produce reflex brady- 
cardia, while the newborn's “relative deficiency” in vagal ability to pro- 
duce such reflex activity might lead to HR acceleration for prolonged 
periods, Thus, maturation of mechanisms controlling vagal tone may 
explain the older infant’s deceleratory response. 

Evidence from many sources indicates that dramatic changes are 
occurring in the central nervous system of the human infant between 
birth and six months. The inereasing influence of cortical inhibition is 
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involved in the disappearance of many motor reflexes, such as the Moro 
and the "stepping" reflex, by two to three months of age (Scheibel and 
Scheibel, 1964). Simultaneously, improved muscle tone, particularly in 
the head, neck and arms, and numerous nonreflexive behaviors, such as 
the social smile and visually-direeted hand movements (White, Castle, 
and Held, 1964), become prominent. Sokolov (1960, 1963) has described 
a complex response system, the orienting reflex (OR), which presumably 
involves cortical control of the organism’s response to stimulus input. One 
explanation for the directional shift in HR response is that the decelera- 
tion signifies development of the OR. Graham and Clifton (1966) re- 
viewed evidence from human adult and animal research that suggested 
deceleration to be the HR component of the OR. Graham, Clifton, and 
Hatton (1968) suggested that neural mechanisms necessary for the OR 
may not be sufficiently developed in the newborn. These authors noted 
that it is too early to conclude that the newborn is incapable of a “de- 
celerative" OR, but mounting evidence indicates that such responses are 
easily elicited by a variety of stimuli in the older infant, while accelera- 
tive responses are elicited by a number of different stimuli in the new- 
born. The question as to whether the OR as described by Sokolov is 
elicited in the infant can best be answered by obtaining other measures 
of the OR, such as the vasomotor changes in cephalic blood vessels. 

Lipton et al. (1966) briefly mentioned the OR as a possible explana- 
tion for the older infant’s deceleratory response, but rejected the idea 
by noting that some of their Ss gave such responses during sleep when 
overt motor responses were absent. However, McDonald, Johnson, and 
Hord (1964) showed that adults exhibited autonomic responses com- 
monly used as indices of the OR, although their overt behavior and EEGs 
indicated they were “drowsy.” In addition, Sokolov (1960, p. 210) 
asserted that an OR habituated to a stimulus while S is awake, may 
reappear and persist when S gets drowsy. Thus, heart rate decelerations 
to an external stimulus could be expected even though S was apparently 
asleep. 

Recently Lewis and colleagues have proposed that state of wakefulness 
may determine the direction of HR change. Specifically, they have sug- 
gested that the HR response is accelerative during sleep and decelerative 
during wakefulness. Since newborns sleep a great deal, they are more 
apt to be sleeping when tested than are older infants, and therefore vill 
tend to show accelerative responses. Two studies of two- to eight-week- 
old infants (Lewis, Bartels, and Goldberg, 1967; Lewis, Goldberg, and 
Dodd, 1967) have reported HR acceleration during sleep to а tactile 
stimulus, but HR deceleration in the waking Ss was not clearly demon- 
strated for this stimulus. Hord, Lubin, and Johnson (1966) present 
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sleeping adult Ss with a 1000 eps tone, a stimulus similar to other audi- 


tory st i that have elicited HR deceleration in waking adults (Chase 
and Graham, 1967; Wilson, 1964). Sleeping Ss exhibited a diphasie 
response in which an aecelerative phase lasted three or four postonset 
beats, and the decelerative phase lasted ten or more beats. The authors 


stated that the overall HR change may be described as decelerative, 


since the algebraic sum of the two phases is negative compared with 
prestimulus level. The effects of state on the infant’s HR response 
remain unclear and should be pursued by including state as a variable 
in studies replicating previous stimulus conditions. 

The Constant and Pulsed groups differed in two respects: The Pulsed 
group decelerated significantly below the Constant group to stimulus 
onset (on Seconds 1, 2, 6, 7, 8, and 9); and the Constant group alone 
showed a reliable HR deceleration to stimulus ofiset. It is tempting to 
conclude that the larger decelerations to the pulsed stimulus are due to 
greater complexity. Our results show differences between two levels of 
auditory complexity, but these differences may be due to other stimulus 
parameters not connected with complexity. Until Ss’ responses discrim- 
inate a continuum using three or more levels of complexity, it would be 
premature to draw a conclusion relating stimulus complexity to magni- 
tude of HR change. 

The offset effect was unexpected, in that we know of no other infant 
studies which have reported such an effect. However, the findings of a 


recent study by Chase and Graham (1967) using auditory stimuli with 
adults parallel our result nicely. Subjects receiving an 18-second constant 
tone gave HR decelerations to both tone onset and offset. These decelera- 
tive responses habituated rapidly, as is common in the adult when 
presented with nonsignal stimuli (Davis, Buchwald, and Frankmann, 
1955; Meyers and Gullickson, 1967). In the present study, it is not clear 
why only the constant stimulus produced an offset effect. One can sug- 
gest that the pulsed stimulus had several offsets, thus reducing the effect 
of the final one at the end of the 10-second stimulus period. ( 

Stimulus repetition affected only the initial phase of the cardiac re- 
sponse. The Trials factor achieved statistical significance only during the 
first, 5 seconds following stimulus onset, and the largest response decre- 
ment occurred between the first two trial blocks and the remaining trials. 
Tt should be noted that complete habituation did not occur, perhaps үү 
to presenting only 15 trials of the same stimulus. This pattern of у i 
habituation, with the most rapid decrement coming in the first six trials, 
has been found in newborn studies using auditory pm (Keen, Chase 
and Graham, 1965; Clifton, Graham, and Hatton, : 

There was some етедо СЁ a disruption in the usual deceleratory HR 
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response when the nonfamiliar stimulus was presented. HR during the 
first nonfamiliar stimulus did not change significantly during the 10 
seconds following tone onset. The authors had expected a 1а: гет decelera- 
tion to the nonfamiliar stimulus than to the stimulus on the :iomediately 


preceding trial, i.e., a dishabituation effect. Although this reaction was 

not observed, the nonfamiliar stimulus did produce a diorent effect 

from the preceding familiar stimulus, and the effect was рг for only 
one trial. 
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Biotelemetry in Child Study 


N. H. Pronxo 
Wichita Siate University 


When Spelt (1948) conducted his experiment on conditioning of the 
human fetus in utero, he had to resort to recording by the only means 
available to him at the time, namely, a mechanical metho! utilizing 
rubber diaphragms attached to the mother's abdomen. A ! ck of the 
fetus was transmitted via the mother’s abdomen to the rubber iiaphragm, 
to the enclosed column of air within the attached tube, and finally to a 
rubber diaphragm attached to the other end of the tube. А % riting pen 
resting on the latter diaphragm and adjusted to show changes in pressure 
in the enclosed air column recorded such changes on a rotating piece of 
glazed paper. What a far cry from today’s possibilities! 

At the present time, replication of Spelt's experiment could b achieved 
by means of a simple capsule resting on the mother’s abdomen. It would 
contain a microminiature radio transmitter powered by а pen light bat- | 
tery. A cheap transistor radio at some distance from the mother 
receive the information and a tape recorder could store it for later anal- 
ysis. All this would be carried out without a lot of cluttering hardware 
and, especially, without cumbersome wires to cause what someone has 
called psychic trauma. The wireless age has finally arrived. Biotelemetry 
is а ready and willing handmaid to psychology. 


IT ALL BEGAN WITH THE TRANSISTOR 


Elsewhere, the writer (Pronko, 1968) has traced out, in greater detail 
than is here intended, the developments that led to the present state of 
the art of biotelemetry. Suffice it to say that the technological evolution 
leading up to it did not begin until the transistor was invented in ! 

It was this tiny, simple device that made possible the elimination 
136 
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bulky radio tubes and paved the way for the degree of microminiatur- 
ization that biotelemetry required. inae 
The next step forward was taken with Stuart Mackay's (1957) adapta- 
tion of the transistor into what would, in today’s “mini” jargon, be 
christened a minitransmitting station but which Mackay named an 
endoradiosonde. The name was suggested by the radiosonde, the sensing 
radio-transmitting unit used in the balloons sent up in meteorological 
study. The prefix endo- seemed appropriate since the miniature capsule 
was designed for implanting inside the organism for the purpose of 
monitoring physiological functions. ДЫГА 


SUBJECTS STUDIED UP TO THE PRESENT TIME 


With apparatus commonly the size of an aspirin tablet, the trans- 
mitting sensor sends continuous information on any physiological meas- 
ure desired. Power is supplied by a self-contained battery or power from 
а source outside the organism and, lately, there is talk about using а 
physiological souree of power. Pressure and temperature have been 
simultaneously studied from the beginning. Gastric activity is another 
possibility. The capsule monitoring this function has been fed to such 
animals as dolphins and tortoises. The capsule involved can be left free 
to travel through the gastrointestinal system or it can be tethered to the 
animal’s tooth by a fine nylon thread and held in place where desired. 
In this way, Mackay stumbled on to an interesting fact about а lizard 
that contained an endoradiosonde in its gut. The apparatus was trans- 
mitting normally until some humans entered the laboratory, whereupon 
“broadeasting” stopped instantly. Here was a first hint of the usefulness. 
of the endoradiosonde in psychological inquiry. odii 

Soon vast fields were open to much more refined study than previously 
Possible and at a distance, and, more important still, without the E 
Plications introduced by the presence of the human observer. EK! i 
EMG, EEG, pH, blood pressure, gastrointestinal pressure, and movement 
are among the funetions that have been brought under econ 
Scrutiny, recording, and storage for later analysis by computer or m in 
Wise. Migration of the grizzly bear and its habits and hibernation oA 
been studied by the Craigheads (1966). Movements of cenam u 
gorilla troops сап be studied by ethologists as а welcome Bu | 
the heroic but frustrating attempts at tracking them visually. 


*Partial list of manufacturers of microsystems: bie р жоно 
Blackwelder Street, Culver City, California; Medical ees to Scientific In- 
Plymouth Road, Great Neck, New York 11023; es ee Hali aoo Cali- 
struments; Whittaker Corporation, 12838 Saticoy Street, 
fornia 91605. 
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A study by one of Mackay's students, Carter Collins (1967) 


he proceeded in his investigation, Collins learned that the intrao 
pressure would increase by as much as 10 mm Hg to gentle aut 
visual, tactual, olfactory, or temperature stimulation (cf. Fig. 1). 
tation of a female bunny to а male rabbit produced a similar rise 
then, the world is waiting to learn if glaucoma results from look 
much at bunnies. 


IOP 
30- 


25- 


120- 


РА li ED: | 
Fig. 1. (Top) Intraocular pressure (IOP) response evoked in a rabbit b 
tactile stimulus (touching whisker) at arrow. (Bottom) Blood pressure (BP) m! 
ured simultaneously in the abdominal aorta, Pulsatile variations in both 
were reduced by 0.5-cycle/sec low-pass filters. Presentation of female rabbit 
similar response. Collins, C. C. Evoked pressure responses in the 
Science, 1967, 155, 106-108. 


IMPLICATIONS OF BIOTELEMETRY FOR CHILD STUDY | 
i 


Fetal heart beat. Beginning close to the start of life, Hess and Litv 
(1964) have successfully monitored the fetal heart beat as well à 
mother's by à wireless apparatus placed on the mother's abdomer 
technique permits study of the relationship of heart action 
mother and child under various conditions of gestation, labor, 8 
action. Of prime importance to the psychologist would be the ей 
maternal anxiety, depression, and upset upon the fetal heart. Is 
the unique autonomic patterning of the infant, as discovered at th 
Research Institute, to be traced to this stage? Might research 
telemetry throw light on this question and the relation of such | 
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to the infant’s later temperament or other personality development? A 
technique is at hand for asking such questions whatever the answer 
might be. 

Applications to child training. The ingenuity of the application of 
radio to behavioral research and training is largely in the offing, but an 
illustration of the possibilities is available in a transistorized signal 
package for toilet training of infants as reported by Van Wagenen and 
Murdock (1966). The device (as illustrated in Fig. 2) is the size of a 


Fie. 2. Positioning of the signaling device showing the grid in exaggerated size 
(Van Wagenen and Murdock, 1966). | 
in fact, contained in а polyethelene айе 
ces almost no limitations on the child's 
duces an expulsion, а small speaker 
dible throughout an average-sized 


pack of cigarettes and is, 
case; it weighs 4.5 ounces and pla 
movements. When the child pro 
produces a clear tone signal that is au : "em 
home. The tone signal sounds when urine or үзү түлүк e 
closes the speaker circuit by making contaet with a gri 
child's training pants. male and a female subject of about, 16 


The apparatus has been tried on both 4 pe 
months of Ка was found to function well. The authors employed & discri. 


140. N. H. PRONKO 
4 

ination hierarchy based on proximity to the toilet facility. That is, the infant was 
initially. reinforced at the occurrence of any expulsion, but on subsequent urinations 
or defecations, movement in the direction of the toilet was reinforced with confec- 
tions, and the most distal areas of the house successively removed from the possi- 
bility of reinforcement. Aspects of the response as movement toward the toilet 
and réstraining of the expulsion were the focus of reinforeement (p. 314). 


‚ Ecological research and applications. Schwitegebel (1964) and his 
associates have suggested some possibilities of what they have called 
behavioral electronics* (p. 233). The following terse statement reflects 
their orientation and appreciation of concomitant threats of the new 
technique: 


“Between the laboratory and the clinic lies almost the entire natural environ- 
ment of humanity, practically untouched and unexplored by direct scientific pro- 
cedures.” Yet electronic devices exist by which the scientist could not only record 
but modify the day-to-day behavior of his subjects or patients. The obvious 
dangers of abuse of these powerful tools may be why scientists have not made use 
ч ш But these vocero за may be used for constructive as well as 

ctive purposes, ir potential usefulness in understanding and solvin 
human problems should not be neglected (p. 233). 3 


Some years ago, Barker and Wright (1954) expressed a need n a 
wish for the technique under examination here. Here is their prop: tie 


3 à what a family actually did and said during 
mealtime, or how any boy lived his life from the time he awoke in the moming 


until he went to sleep at night, Because we lack such 
1 n records we can only speculate 
on many important questions, . . . Moreover, the lack of field data limits the dis- 


laboratory the frequency, the duration, the is often impossible to create in the 
techniques and facilities to take nnb di. ЕЗУ» We need only the 


It would, indeed, require a i Р К. 
and applications of моо ао prelio de Poni 


medical telemetry. Because “behavioral edicine, his is bi 
telemetry” be more advantageous? electronics" is cumbersome, would “psycho- 


^ 
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the first Skinner box and foretold all the research and applications that 
this "brain ehild" would foment. Surely, “psychotelemetry” will develop 
situationally from one to another specific instance. But some uses can 
be anticipated by a realization of the advantages to be gained by a 
system that permits wholesale controls where they have been nonexistent. 
For example, radio transmission and tape (or other) recording of the 
data eliminate the presence of the human observer and his influence on 
the behavior under investigation. Gone are the heavy hardware and 
wires connecting the organism and apparatus and their unknown effect 
on the behavior studied. Neither should the freedom of movement per- 
mitted the organism be overlooked. Contrast the organism, child or 
ade", with all the harness attached, undergoing electromyographic 
stu: y now and before. Under the new dispensation, a tiny capsule at- 
tas d to the skin will do the job. Only controlled studies, with the old 
and new techniques, disclose the full advantages of the latest blessing 
conferred by the wireless age. ә 

Wherever mechanical methods have been used, there, can behavioral 
electronics do a better job. The writer can see its applicability in all the 
latest and intensely exciting research in earliest infancy. Head turnings, 
вис ngs, other movements, and perceptual responses are candidates for 
such study. Y 

Ecological studies of the preschool and school child are also possibil- 
ities. Each child ean have his own transmission frequency. His movements 
can be traced as effectively as the Craigheads were able to track individ- 
ual grizzlies. A capsule can be fitted even into the heel of his shoe (Her- 
ron and Ramsden, 1967), transmitting his whereabouts as distinctively 
ав his fingerprint identifies his biological uniqueness. Furthermore, ed 
audio transmission is also feasible, the infant’s and the child’s crying, 
laughing, shouting, soliloquizing, dialogue, discussion, acce adea 
play and games are all capable of continuous monitoring. What Ўт | 
taking research vistas open up with this most, recent p ab 

Possible applications are harder to conjure, but some of the Ма 
easily apparent ones bob up. Certainly, operant conditioning шы 
Pected to show a population explosion of applications пар Hood 
one will not be limited to the laboratory. The home, the EU 
the playground, and the school room will be available for modification 
of behavior in situ, in its natural context. And, finally, а bove 
for basic research that should open up are staggering. As d with their 
же can know what children say and do to each other АВС Tus Ане 
teachers and mothers and fathers, With controlled and тян by the 
newer techniques should yield knowledge of the order achiev 
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young ethologists when they moved out of the zoos into the African 
jungles and mountains to study gorillas, chimpanzees, monkeys, and 
baboons in nature. 
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The Design of Mobile Laboratories for Behavioral 
Research with Children? 


Кетн С. Scorr 
University of Illinois 


The design, specification, and cost of trailer laboratories for research 
with children are discussed. A model set of plans and specifications are 
presented and information about heating, towing, and insurance is provided. 


During the past years a number of mobile trailers have been designed 
and purchased by child researchers at the University of Illinois, We 
have gradually evolved detailed specifications and designs that minimize 
costs and provide vehicles that meet both the peculiar problems of the 
laboratory and of being parked in school yards or apartment complexes. 
The ideas presented below supplement information contained in earlier 
publications (Bijou, 1958; Bergman, 1964). 7 

The need for trailers is evident to most child researchers in the 
crowded conditions produced by an expanding area. They are frequently 
а necessity. Public schools, where research and testing space simply does 
not exist, can cooperate if a trailer is available. When a population of 
infants is needed the vehicles can be parked in apartment complexes. 
Large units сап be employed as experimental classrooms for psycho- 
educational problems. In an institution for the retarded it is possible nj 
establish laboratory facilities without delay when new buildings would 
take years to construct. At the Lincoln State School the plans for ay 
buildings include ramps and utility hookups so that trailers may | 
parked where they are needed on the campus that spreads over PE 
miles. The cost of providing laboratory space in these buildings, wi 
Partial utilization, would be prohibitive. | rá 

Another advantage of trailers is that they provide such specialized 
research situations as one-way vision glass, sound control, and provision 
for specialized circuitry. This is not always possible to arrange even 


"The preparation of this paper was supported by Grant MH те 
National Institutes of Health. The author wishes to acknowl 0 ledge vise 
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when other space is available. Ав а project, develops, alterations to in- 
terior walls, which are of wooden construction, can be made without the 
great expense and trouble involved in almost any school or institution 
building. - A 
The cost of a trailer per unit area varies with the size, fixtures, finish, 
and method of purchase. Our costs have varied between $11 per square 
foot for the 35 X 10 ft unit (Fig. 1) and $16 per square foot for the 


A. 18'х8' $2300. C 25'х8' $3200. 


B. 20'x8' $2500. D. 35'x10' 13800. 


SUB. || EXPER | Deer || SUBJ | wanno | TESTING | (OFFICE 


E. 60'x 12' $6000. (Est) 
Fio. 1. Floor plans for several trailers and their costs at time of delivery. A 
current bid for а unit as shown in B is $2,800. Costs vary with geographic area and 
quotations should be sought before requests are made for funds. 


20 X 8 ft unit. Using the typical purchasing procedures, university bids 
should be sought directly from companies* that specialize in the con- 
struction of field offices for construction and engineering projects. These 
firms build many one-off units with custom interiors. The particular 
specifications you request would disrupt the rigid production facilities 
of the mobile home builder who would typically charge more. You also 
avoid the large margin of profit added by a retailer. 

An alternative to use of a trailer is the purchase of a mobile home or 
van with its own motive power. Experience with a 26-foot Dodge Mobile 
Home containing a special interior showed the vehicle to be particularly 
easy to drive. It was equipped with its own motor driven power plant 
making it independent of other supplies. Such power plants are noisy 

* Suppliers in the Midwest include: Mobile-Office Ine, 4845 W. 111th St, Chicago 
Illinois, and Portable Structures, Box 38, Apple Road, Osceola, Indians 
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tend to provide poor voltage regulation, making them much less advan- 
tageous than might be expected. In interi space for research it was 
approximately equal to a 20 X 8 ft trailer at a cost, in 1964 of $10,800. 
When very frequent moving is the expectation, such vehicles are highly 
convenient. Their high cost and relatively restricted interior space will 
dictate the use of trailers by most researchers, 


FLOOR PLANS 


Different floor plans will be required for different, research purposes. 
Figure 2 shows the layout of a unit for laboratory learning studies, The 
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Fio. 2. Plans for the unit specified in the text. А 
experimental rooms аге large enough to hold а i| seba 
discrimination learning research or a peen dow sash 
ment used on social motivation studies. By ere sm el, one 
between the control and experimental rooms ere dcs tu 
end room provides minimum but sufficient space к "An minimum cost 
or, two experiments can be conducted cnim tal and control 
unit is shown in Fig. 1A. It consists of а simple Б ай well as space 
Toom. A unit for infant research is shown in Fig. 1B. 
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specially built for relay racks, this has а folding door behind which a 
mother can wait while her infant is being tested. The unit shown in Fig. 
1C was designed for supervision of students during psychometric prac- 
ticum. It allows simultaneous observation of three testers by supervisors 
under excellent conditions. A larger unit for psycho-educational research 
is shown in Fig. 1D. This features a classroom area for research with 
teaching machines plus a laboratory area for more basic studies. Finally, 
Fig. 1E shows a proposed large unit for work in an institution where 
the laboratory would be moved only а few times a year and where a 
full-time staff would be employed. 

In deciding on a particular floor plan the essential considerations are 
use of the laboratory and ease of moving. It is not too difficult for an 
amateur to move units up to about 25 X 8 ft. Beyond that professional 
movers are recommended. 


SPECIFICATIONS 


The detail specifications for the 20 X 8 ft unit shown in Fig. 2 are 
appended to this paper. The delivered cost in 1965 was $2,500. A similar 
unit recently received a lowest bid price of $2,800. Since prices on these 
units are highly competitive the customer receives only what he specifies. 
The details are therefore important and have been developed with experi- 
ence in the purchase of eight laboratories over a period of years. Some 
explanation of the specifications follows under the appropriate headings. 


Dimensions 
It is necessary to provide a set of sketch plans, as in Fig. 2, with the 


order. Other sketch plans are needed to detail wiri i arti- 
xs RN etail wiring (Fig. 3) and parti 


Exterior 


The specifications of plywood under the aluminum siding is important 
on two grounds. First, unbacked aluminum can be punctured readily 
with a pointed stick or large pocket knife and thus is liable to vandal 
damage. Second, the backing makes the vehicle much quieter, from 
buffeting during high winds, and from playground noises. i 


Interior 


The interior specifications aim to provide durable materials at reason- 
able cost. Birch is the least expensive hardwood ден, Acoustical 
paneling is typically not durable enough to withstand de d y-to-day 
wear and tear in such confined areas. On a wet day the val become 
extremely dirty with the traffic of children coming and going. If carpet 
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POWER INPUT 
qb ouPLEx ouTLeT 
© 200 WATT LIGHT 


(8) Fan 
he 


DIMMER 
Dx] swircH 


Fic. 3. Elevation of the partition for the unit specified in the text, 


tempts you to reduce noise, use outdoor-indoor carpet that can be simply 
cut and laid over the linoleum. It can also be removed at will for 
cleaning. 

Sound between the rooms is markedly attentuated but not entirely 
eliminated with the construction suggested. It should be adequate for 
most purposes for which relay or other equipment is used. We have 
found the most satisfactory procedure to be one of leaving open ports 
to which removable sashes with one-way vision, clear glass, or blank 
panels can be fitted. This allows special projection ports or display pan- 
els to be provided as needed. Wires are passed from room to room 


CEILING LINE REMOVABLE PANELS 


Fic. 4. Wiring diagram for the unit specified in the text. 
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through a smaller hole, stuffed with rags to close out sound. On a large 
unit a cable duct near the ceiling, in a corner, may be useful. 

With this amount of insulation we have been able to run two experi- 
ments with relay equipment simultaneously. The noise from shutter and 
relays is audible in both experimental rooms and if clear differential cues 
were present further sound deadening might be needed. 


Doors and Windows 


The doors and windows constitute a primary target for vandals. Doors 
with a window are particularly troublesome as by breaking them a 
vandal can reach in and open the door. A satisfactory solution has been 
high awning-type windows near the ceiling. A unit without any windows 
is a nuisance when parked away from electrical power as it is nearly 
impossible to even install or remove a piece of equipment in the dark. 


Heating and Air Conditioning 


A furnace adequate for the climatic conditions is necessary and large 
enough to have quick recovery so that if the vehicle is moved on a cold 
day a wait of hours does not occur while the laboratory and equipment 
warms up. Heat by propane gas is recommended as adequate power 
outlets for electric heat cannot be found in most older school buildings. 
Also you pay for the propane and thus do not impose on your hosts who 
may not appreciate high electrical bills. Most gas supply companies will 
provide 100-pound bottles. If you are in а remote area purchase 40- 
Derbi which are easily carried, and take them to be filled in а 
ied EN bottles are too big for this). Large trailers may necd four 

es unless, they are replaced very frequently in cold weather. When 

: laboratory is parked for an extended period a bulk tank (100-500 gal- 

pues may pa paesi on the ground near the vehicle. You will need to 

eee es to discover how close to a building (typically 15 

: а may Бе positioned. А bulk tank сап last most of à 
pi on ме costs аге reduced. 

© conditioning is necessary, when the outside temperature exceeds 
ا‎ калыл а Wed We теде tolerable comfort. If you 
un without air ond tiie омана restriction of ventilation à 
the furnace, the capacity of the unit will Ена a E Ee 


Wiring 


The particular wiring system specifi 
ed allows two ‹ rds 
from the laboratory to be run up to a building. EL — 
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to « standard three-pronged wall receptacle. Each receptacle must be on 
a separate fused circuit in the building when the air conditioner is in 
use. No single receptacle can provide the necessary current for lights, 
a projector, and air conditioning. The ideal way would be to use a 220-V 
supply and split the voltage. However, most schools do not have 
such clectrical services and they cost several hundred dollars to install. 
We provide two points, on diagonally opposite corners, where the cords 
can be connected to the trailer. This minimizes cord length no matter 
which way the vehicle is parked in relation to the building. 

It is particularly important that a carefully grounded supply is used. 
A trailer standing on rubber tires ean become insulated from the ground. 
If, through wiring error or malfunction, the vehicle becomes alive, a 
severe shock would be delivered to a person, standing on the ground, who 
touched the metal body. Male plugs on the vehicle, well above the 
ground, minimize the dangers to playing children. й 

These motor board-style plugs are recessed and come with а spring 
loaded cover that ean be secured with a small lock. The particular split 
of the circuits given in the specifications is one we have found useful, In 
winter, when the air conditioner is not in use and only one projector 18 
operating, it is possible to jump the exterior plugs and use only a single 
power lead. In some applications a separate circuit for the air conditioner 
could be installed and a lead for it run out only when it is in use. Another 
useful feature preferred by some is to install take-up reels, for the 
cables, in the trailer body. Е 8 

When seeking bids for the trailer a plan (See Fig. 3) showing the 
position of the electrical fittings is needed. 


Towing 


A mobile laboratory up to 8 X 25 ft will weigh in ш NEUR " 
4000 lb and can be Med with а full-sized sedan pains see Шак. 
or an equalizing hitch and connections for the ыйы а a 
This does represent a heavy load for a car and a better solution ut 
use a vehicle on a half-ton chassis, such as a pickup, a van, ог “hiton 1 
The ground crews at most universities have such vehicles. h ight 
the tow vehicle and the hitch on the trailer need to be pa [ш id 
for smooth towing. If several trailers are likely to саз ded 
some standardization is called for and should be sonda 
cations, require 

Units over 25 ít long or 8 ft wide typically М a d э, 
them. You should check State Vehicle Laws m iva trailers greater 
for example, requires dual rear wheels on vehicles 
than 8 ft wide. 
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Insurance 

To insure the vehicle you must check university regulations and if а 
federal grant is involved, seek special permission to use funds from the 
agency for the premium. Collision damage ($100 deductible) and com- 
prehensive physieal damage on an actual cash value basis costs $62 per 
year in central Illinois for а 35 X 10-unit. 


I. 


II. 


ш. 


IV. 


MODEL SPECIFICATIONS FOR USE IN SOLICITING BIDS 


Dimensions (See Fig. 2). 

A. Length of body 20 ft. 

B. Width of body 8 ft. 

C. Interior height 7 ft from floor to ceiling. The floor is to be flat 
without intruding wheel arches. 

Exterior 

A. Prefinished aluminum siding .024-.026 inches with backed-on 
prepainted white enamel finish, over 44-inch plywood panel. 

B. Siding attached over %4-inch plywood to 2 X 2-inch joists on 
16-inch centers crossbraced at 2-ft intervals, 2 4-inch 
framing at corners, doors, and windows. 

C. Roof of 1 piece 28-gauge galvinized steel. 

D. Rafters 2 X 6 inches on 16-inch centers. 

E. Three all-weather vents with electric fan, one each in the two 
experimental rooms and the center control room. 

Е. Insulation of 114-inch Fiberglas with vapor barrier in all four 
exterior walls and 4-inch Fiberglas with vapor barrier in ceiling 
and floor. 

Interior 

is interior walls covered with prefinished -inch birch pan- 
g. 

Ceiling of white acoustical tile over backing board. 

Floor of 3&-inch vinyl asbestos tile with а 150-Ib. per square 

inch rating; color of tile—neutral gray. 

Baseboard of rubber molding 4 inches high. 

коа interior partitions between center control room 

and end experimental rooms (2 X 4 studs) to be insulated with 

ан is insulation and 2-inch polyurethane foam 

- Openings to be left in each partition as ified in Fig. 4 

attached, including a 20 X 40-inch port and a 6% Gin 
g in partition. The i i » cov 

i pep pappen Te V^ чары will be covered 

oors 


HU ow р 


=] 


D 
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А. Two exterior aluminum doors without windows 30 X 72 inches. 
The locks on doors 1 and 2 to be keyed the same. Each ex- 
terior door to have weather stripping, a pull-out step, and 
additional steps specified in Section IX, G. 

B. The two interior doors are to be 27 inches wide and sound- 
insulated with bronze weatherstrip around. Threshold to be 
installed below door, 

V. Windows 

A. Three windows mounted near ceiling one in each room on 
the side of the trailer opposite the exterior doors. Each 
window to be approximately 18 X 12 inches, awning type 
to open with erank mechanism. Windows to have drip caps. 

. Heating and Air Conditioning 

\. A forced air-furnace of at least 30,000 BTU to be located in 
control room as in Fig. 2, and ducted throughout trailer. 

B. Tubing for LP gas should be installed from the furnace to 
the hitch. Recess gas line frame of vehicle. Provide stand 
and automatie switehover regulator on hitch to take two 
100-1b propane bottles. Provide no gas bottles. 

C. An air conditioning unit of 1-ton capacity ducted to all 
three rooms. To operate on same circuit as furnace. 

VII. Wiring 

A. Provide two grounded, 12-3 size, 20-amp rubber 50 ft drop 
cords, Two exterior waterproof inlet boxes to be located on 
right front and left rear of trailer at least 6” above the trailer 
floor. Each inlet box to have two twist lock male plugs for 
110 VAC service with covers, 20-A size. ы. 

В. Grounded wiring throughout the trailer. Two pt] pU 
for lighting receptacles and fans and power outlets, and the 
other for furnace and air conditioner. Nr dé 

C. Circuit breakers (not fuses) to be located on wall o 
control room. 

D. Each of the three rooms to have a covered 200-W fixture, 

sitioned as indicated in Fig. 3. 2 

E. Each fixture must be controlled by a separate prm 
switeh, with all three switches being housed in the com 
room as indicated in Fig. 2. — 

F. АП wiring to meet national wirin 
on Fig. 3. 

VIII. Interior Fixtures 

A. For each partition, € 

the partition when not in 


ү 


g standards. Outlets indicated 


inst 
that can be folded down agains 
qui-x Each shelf: Formica top, 30 
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inches off floor on partition, in control room. Each shelf 
should have two sturdy fold-out supports (See Fig. 2). 
IX. Miscellaneous 


A. Tandem axles with electric brakes and wheel wells that do 
not intrude into body. Each axle 6000-Ib capacity. 

B. Four leveling jacks. 

C. A heavy-duty hitch with a 2%¢-inch female socket 181% 
inches from the ground with ball. 

D. Cable on the hitch for tail, stop, and turn lights, and trailer 
brakes. Cable connectors not necessary. All of these cables 
to be attached to the underside of the trailer in such a 
fashion that children who crawl under the trailer can not 
rip the cable loose, possibly by recessing wires for all lights 
into frame of vehicle. 

E. Tires 7 X 14.5 inches, 8 ply. 

F. All necessary equipment to meet safety lane requirements 
including safety chains, safety lane inspection, and sticker. 

G. Furnish two sets mobile home-type steps with tubular steel 
frames and wooden treads. 

H. Furnish 24 sq ft of interior paneling for future construction 
of modified panels. 

I. Furnish with your bid proposed conditions of standard factory 
warranty. 

J. The company awarded the contract must furnish complete 
plans for approval and possible slight alterations prior to 
construction. 

К. Completed vehicle to be available for inspection no fewer 
than 14 days prior to delivery; the company to notify the 
purchaser when vehicle is ready for inspection. 

L. Provide delivery to where vehicle is wanted. (Attach Fig. 
2, 3, and 4, or their equivalents). 
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| Social Reinforcement as a Function of Task Instructions, 
Sex of S, Age of S, and Baseline Performance! 


KENNEDY T. Нш, 
University of Illinois, Urbana 


AND 


Bannana E. Morty 
University of Hawaii 


Forty boys and forty girls at each of two age levels (Grades 1 and 2 vs 
Grades 4 and 5) performed at a marble-dropping task, which was introduced 
as either a game or a test. Four females served as Es. The Es were non- 
responsive to 8 during a baseline minute, and during the subsequent 5 
minutes of the task either made supportive comments (Social Reinforce- 
ment Condition) or continued to play a neutral role (Nonreinforcement 
Condition). Within each age level, Ss were blocked according to the sample's 
median base rate level of response. and base rate was crossed with the other 
variables in the analysis of difference scores. This procedure minimized 
group differences in baseline performance, а desirable control in the analysis 
of difference scores. For older boys, social reinforcement resulted in higher 
difference scores under game than test instructions, whereas nonreinforce- 
ment produced higher difference scores for test than game instructions. For 

Older girls, an opposite pattern of results was obtained, resulting in the 
Significant triple interaction between Sex of S, Reinforcement Condition, 
and Task Instructions for older Ss. For younger Ss, social елан 
produced higher difference scores in general than did nonreinforcemen Б 

both age levels, base rate level of 5 did not interact with any of the major 
findings. Base rate level of response was, however, * highly Lus 
general determinant of change in rate of response, with both older an 


В the 

"This paper is based on the study reported by the authors in paper read at 
Annual convention of the American Psychological Amociatton, ed IR 
York, September 3, 1968. The writers express their gratitude to Sheila Бепул, 
Rhonda Fraser, and Corin Nirenstein for serving as experim sates study. The 
W. Stevenson for his suggestions and assistance in the eat Pone of 
research was supported in part by Grant M-3519 from the Nat Health Service 
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Fellowship (No. HD-01136-02) from the National pe ee author. Author 

! Human Development, U. S. Public Health Service, “ ы: IN., 61801. 
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унан & of high buze rote level showing steady decreas in performance 
duro te miegant B missis of the task. The results wero related to 
tur awe et baseline in analyses of 


on 
general and in light of the present findings. 


Heve findings (Hill, 1967; Stevenson and Hill, 1965) have led to the 
expectation that the effects of social reinforcement and nonreinforccment 
adulte will be determined in part by subject and task character- 

Ss competence of performance. Hill 

(1987), for exumple, found that the effects of social and nonreinforcement 
severing to whether 8 had experienced success or failure in pre- 
һе Майей to a low or high level of test anxicty as 
"Tet Anxiety Beale for Children. For low test 
pot overly concerned about adults’ evaluation of 
of response was higher under social 
after failure, whereas under nonrein- 
higher after failure than success, For high 
eppedte pattern of results was obtained, wj»: por- 
serial reinforcement after failure and a^ rein- 
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sisiy tested for the generality of Hill's (1967) findings 
hypothesized ая involving evaluation of 


lk ûû Шише or п lest situation, This procedure has been 
qnd often be sioiias of anxiety in children (Ruebush, 1063). The other 
te the study was the sex of S relative to the sex of 


зиноии, conditions (Hill and Stevenson, 1965; Stevenson and 
CEN Die m dat en that an E of the 

ss the child performs at а marble 
dropping laik «мден a higher level of performance than docs an E of 
tributed by Hill and Stevenson 
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(MM) to а poster saley arousal presumed to 
result from the lack of 
ты Wetec abont Ра performance from an adult E of the 


te Я (ма аз E of the opposite sex. 14 appears that as children 
the same-sex parent and same-sex adults 
to the child than evaluation from the 
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female adults on boys and girls performing at 
dropping task introduced as а game or a test. The sample 
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included younger and older elementary sebool children. Te УЕ 
for whether performance under social and попе огнен вд бетм, i 
of game versus test task instructions and whether 8 was of es 
or of the same sex as Ё would be similar to Hill's (1967) [o 

cess versus failure in pretraining and whether 5 was 
anxious, respectively. Comparable resulta would һе obtained 
performance for female Es under social 

game than test instructions, while under Боп Test forem, 


was higher for test than game instructions: poA Tay oe o 


Li 
Hu 


| 
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pattern of results would be expeeted, with ре енын 
social reinforcement with test instructions but higher ondas. 
forcement with game instructions, It was seen as sn pil 
as to whether these relations would extend to 
children, for whom evaluative aspects of the task intrent 
Sex of S—Sex of E relation may ppt a 

The present study also provided ар opportunity te teet diwet]y 
effecta of-bnse-rate level of performance on later ранае оњане. 
vious studies, the effecta of social reinforvemwet bive анау 
Assessed by a difference score measuring change is Tele d ovens. 
а baseline period, during which E is notnesponsive, te the 
period during which E either delivers social nelatersement 
to remain nonresponsive (Stevenson, 1965). Partes asd Bon 
pointed out that baseline pem — foe on 
in changes in performanee И groupe 
Parton and Ross suggested an analysis, bowever, whieh 
information to that provided by the separate malen of 
difference scores that are reported in most studies af 
In commenting on Parton and Rose's memwa, 
(1966) suggested that one way to control for base rate 
of difference scores would be to block on bue nde within 
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be minimized, which would in turn costrel fer Vert wen gomp 
in the effects of base rate on change 

Would also provide tests for the possible latensetiom ed bast 
other variables and would account for sotme of the vario won qme. 
Previously treated as error variance, since there je жанду « — 
Pegative correlation between base rate amd ение amem A 
found feasible in the present study to erom buse ms with the 
Variables under study with a small reduetion (1795) in the experimumtal 
sample. 
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METHOD 


Subjects 

The initial 192 Ss included 24 boys and 24 girls from each of four grade 
levels: First, second, fourth, and fifth grade. The Ss were from an 
elementary school in Minneapolis, Minnesota, and were of lower-middle 
socioeconomic class and of average intelligence. The first- and second- 
grade Ss and the fourth- and fifth-grade Ss were combined to form the 
Younger and Older groups of Ss, respectively. 


Experimenters 

There were four female Es, including three graduate students in child 
psychology and a senior in elementary education. The Es were 20-24 
years of age. An attempt was made to standardize the behavior oí the 
Es in order to minimize differences in their administration of the task. 
The second author served as one E. The other three Es were not told the 
purpose of the study until all data had been collected. 1 


Apparatus 


The apparatus for the experimental task has been deseribed in detail 
alos and Fahel, 1961). It consisted essentially of a table with two 

ins, 8 X 10 inches, and a 4-inch transverse upright panel toward the 
back of the table to shield E's recording from S. The bin to S's left con- 
hus. approximately 1500 marbles of different colors. The bin to S's 
ks буна covered with а plate. with six 5g-inch holes placed randomly 
about the surface. Below the right bin was a mechanism whereby each 
marble was counted as it fell to the bottom of the bin. An electrical 
counter was connected to this mechanism, and placed on the table behind 


the tr: i 
: Ралана panel so as to be out of sight of S. Timing was done with 


Procedure 


Task ins 7 indi 
P lucius ipii. The Ss were tested individually in one of two 
e school building. Each S received the marble droppi 

task under one of two Task Instruction conditions, In the “Ge ay 
dition,” the task was introduced ав a game which Bine of the other 
child ad already played. The Ss were told to pla the by 
picking up the marbles one at a time, with one ка, а rt 
color marble in any hole. The E demonstrated the task 5 а 


marbles at a rate of арргохіта 
would tell 8 when to atop. tely one every 2 seconds. The E said she 


In the “Test Condition," E referred to the task as a test which some 
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of the other children had already taken, and which S was now going to 
take. Except for the designation of the task as a test, the instructions 
were the same as those of the Game Condition. 

Experimental task. During the first minute of the marble-sorting task, 
the base-line period, E assumed a neutral role by remaining silent, not 
looking at S, and attending to papers on her side of the transverse panel. 
During the next 5 minutes, the experimental period, E either made a 
supportive statement about S's performance after S's first response 
within each 20-second interval (Social Reinforcement condition) or 
continued to maintain a neutral role throughout the session (Nonrein- 
forcement Condition). The fixed interval schedule used in the Social 
Reinforcement Condition has the advantage of providing a constant 
number of supportive statements made to each S during the experimental 
session but the disadvantage of not being contingent upon S's rate of 
response (Parton and Ross, 1965). Similar effects have been obtained 
with interval and ratio schedules providing comparable densities of 
reinforcement in previous studies of social reinforcement (Stevenson and 
Hill, 1966), and the interval schedule was used in the present study to 
make the procedure comparable to that of the earlier study by Hill 
(1967). The six supportive statements used were: “You're doing well, 
Very good, You're doing fine, That's good, That's fine, and Good." The 
six statements were arranged in twelve random orders, and two of the 
random orders and half of а third order were used with each 8. During 
the 6 minutes of the task, E recorded from the electric counter the 
number of marbles sorted per minute. 


Design 


Each of the four Es tested 48 children, including three pore aod ше 
girls at each age level in each of the four possible task instruction (Game- 
Test) and reinforcement condition (Social-Nonreinforcement) combina- 
tions. The Ss were randomly assigned to Æs and to experimental AF 
ments. This procedure resulted in a 4 (Experimenter) X2 (Age Level o 
5) X 2 (Sex of S) x2 (Task Instructions) X 2 (Reinforcement Con- 
dition) factorial arrangement. 


RESULTS 


Treatment of Base Rate й 
Following the suggestion of Stevenson and Hill (1966), it was ini к 

{0 cross base rate level of S with the other variables under study pie 

analysis of difference scores if such a procedure did vene x2 

reduce the sample size. A 4 (E) X 2 (Age of S) X 2 (Sex o 
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(Task Instructions) X 2 (Reinforcement Condition) analysis of variance 
of the base-rate scores revealed that the only significant effect was that 
of Age of S (F — 140.5, df — 1/128, » « .001), reflecting the markedly 
higher mean base rate of older Ss (37.9) than younger Ss (25.6), similar 
to earlier findings (Stevenson, 1965). Since there were no significant 
differences among Ёз, either in general or in interaetion with other 
variables, the difference scores were analyzed by collapsing across Es 
and introducing base-rate level of S as a factor. Because of the large 
difference in the mean base rate of younger and older Ss, base-rate level 
of S could not be crossed with Age of S and instead the two age groups 
were analyzed separately. The Ss at each age level were divided into two 
groups on the basis of the median base rate for that age level, 38 for 
older Ss, and 25 for younger Ss. At each age level, it was possible to 
obtain, within each cell of 12 Ss, five Ss above the median and five Ss 
below the median base rate. In each cell, two Ss with scores closest to the 
median were discarded. By following this procedure, 160 of the original 
sample of 192 Ss (83%) could be used in analyses of variance of 
difference scores in which Base-Rate Level of S (High vs Low) was 
crossed with all of the other variables in the analysis. The procedure 
resulted in minimal differences in base rate among groups at each age 
level, except, of course, between Ss of low versus high base rate. Thus 
the analyses of variance of the difference scores for both older and 
younger Ss involved a 2 (Sex of S) X 2 (Task Instructions) X 2 (Rein- 
forcement Condition) X 2 (Base Rate Level of S) factorial arrangement 
with 5 Ss in each cell. 


Difference Scores 


The major score used in the analysis of the results was a difference 
score obtained separately for each S by subtracting the number of 
responses during the first, base-line minute from the number of responses 
made during each of the 5 subsequent minutes comprising the experi- 
mental period. Such a difference score is used in an attempt to gain some 
control over individual differences in base rate of response (Parton and 
Ross, 1965, 1967; Stevenson and Hill, 1966), in thi for Ss at low 
and high levels of base rate. | Х — 
A rad to base rate scores. As in previous studies (Stevenson, 1965), 

ifference scores were found to be negatively related to base rate scores 
within each cell. The median correlations of difference scores from the 5 
minutes of the experimental period with base rate Scores for the eight 

*For younger Ss, the mean base rate for the low base rate group was 198, and 


for the high base rate grou 
T р, 315. For old 
high base rate groups was 312 and 443, wid US or the lor E. 
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subgroups receiving social reinforcement ranged from —.13 to —.50, with 
2 median of these medians of —.43. For the eight subgroups in the 
Nonreinforcement Condition, the median correlations ranged from —.23 
to —.63, with a median of the medians of —.52. These correlations are 
similar in strength to those found in previous studies (Parton and Ross, 
1965; Stevenson and Hill, 1966). 

Older Ss. Difference scores obtained by Older Ss during the experi- 
mental period were subjected to a 2 (Sex of S) X 2 (Task Instructions) X 
2 (Reinforcement Condition) x 2 (Base Rate Level of 8) X 5 (Minutes) 
analysis of variance. It will be recalled that the major effect of interest 
was the interaction of Sex of S x; Task Instructions X Reinforcement 
Condition. This triple interaction was significant (F = 4.94, df = 1/64, 
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of the four Task Instructions—Reinforeement 
different pattern of results for the 
d girls. As can be seen in Fig. 1, in 
e triple interaction are presented, for 
ame condition under social and 


р < 05) and reflected a clearly 
experimental variables for boys ап 
which the eight means bearing on s 
boys performance is similar in the g 

nonreinforcement and at the baseline level of response, whereas ү {һе 
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un nreinforcement than social reinfor 
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nonreinforcement with the test instructions. ў ne 
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are opposite for older boys and girls. 1 ) 
AS also be seen in Fig. 1, the significant, таш effect of Sex of S 
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(F = 450, df = 1/64, p< .05) reflects the generally higher difference 
scores obtained for boys than girls; boys show little change in rate of 
response following the baseline minute (M = —.08), whereas girls show 
a general decrease in rate of response following the baseline minute 
(M = —134). 

The effect of Base-Rate Level of S on difference scores was highly 
significant, (F — 43.81, df — 1/64, р < .001). As would be expected from 
the negative correlation between base rate and difference scores obtained 
within all subgroups, Ss with high base rates obtained a lower mean 
difference score (M = —2.67) than Ss with low base rates (M = +-1.24). 
In addition, the significant interaction of Minutes X Base Rate Level of 
S (Е = 8.87, df = 4/256, p < .001) reflects ће tendency for Ss with low 
base rates to generally maintain their performance at a level somewhat 
above that of the base-line minute, while Ss with high base rates tended 
to show decreases in performance over the five minutes of the experi- 
mental period (Fig. 2, in which the mean difference scores, per minute, 


—-—-- Low Base Rate 
High Base Rote 
O Younger Ss 
9 Older Ss 


MEAN DIFFERENCE SCORE / MINUTE 


3 4 
MINUTES 


Fic. 2. Mean difference scores, per minute, across the experimental period for 


older and younger Ss of low and high base rate level. 
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An analysis of the between-subjects effects involving base-rate level of 
response revealed that including base rate as a crossed variable reduced 
the error term by 3896 from the ease in whieh base-rate level was ex- 
cluded from the analysis. The corresponding reduction of error in the 
within-subjects portion of the analysis of variance due to the addition 
of base rate as a crossed variable was 8%. 

Younger Ss. The difference scores of younger Ss were also subjected to 
a 2 (Sex of S) X 2 (Task Instructions) X 2 (Reinforcement Condition) 
х 2 (Base-Rate Level of S) X 5 (Minutes) analysis of variance, The 
significant Reinforcement Condition effect (F = 5.82, df = 1/64, p< 
.05) reflected the fact that Ss receiving social reinforcement obtained 
higher difference scores in general (M = -+.75) than Ss in the Nonrein- 
forcement Condition (M = —.72). The Minutes X Social Reinforcement 
Condition interaction (F = 4.80, df = 4/256, р < .01) indicates, more- 
over, that Ss receiving social reinforcement showed an increase in per- 
formance for each succeeding minute, with difference scores increasing 
from .4 to 1.0 across the experimental period, while Ss in the Nonrein- 
forcement Condition showed a decrease in performance for each succeed- 
ing minute, with scores dropping steadily from .5 to —1.9 across the 
experimental period. 

The highly significant Base-Rate Level of S effect (F = 15.51, df = 
1/64, р < .001) reflected the expected tendency from the negative 
correlation between base rate and difference scores within all subgroups 
for Ss with a high base rate to obtain lower difference scores (М T —1.24) 
than Ss with low base rate (M = +1.27). As can be seen in Fig. 2, the 
significant Minutes X Base-Rate Level of S interaction (Р = 5.62, df Я 
4/256, р < .001) was due to the same pattern of scores found for older Ss: 
For the younger Ss, Ss with low base rates showed a small increase in per- 
formance over the experimental period above that of baseline perform- 
ance, while Ss with high base rates showed a steady decrease in perform- 
ance from base line across the experimental period. д 

The only other significant effect in the analysis for Орос os ue 
the Minutes x; Base-Rate Level of S x Task Instructions triple "ue 
action (F = 336, df = 4/256, p « 05). For Ss with low base ide i 
difference scores tended to inerease across the experimental minutes for 
Ss in the Test Condition (from .20 to 2.15 per minute), but to edem 
slightly for Ss in the Game Condition (from 120 to 80); for Ss with 
high base rates, performance tended to decrease more dod 2 s ek 
mental period for Ss in the Test Condition (from 1.15 to —2.45) tha: 

ES ; —1.10 to —2.10). For younger 
Ss receiving Game Instructions (from ло ш 
children, then, Ss in the Test Condition tended to я se WEST 
Minutes x; Base Rate interaction effect than Ss in the Game Condition. 
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An analysis of the between subjects effects for younger Ss revealed 
that including base rate as а crossed variable reduced the error term by 
16% from the case in which base-rate level was excluded from the 
analysis. The corresponding reduction of error in the within-subjects 
portion of the analysis of variance due to the addition of base rate as a 
crossed variable was 6%. 


DISCUSSION 


The results for the older Ss indicate an affirmative answer to the 
question of whether the effects on performance of game versus test 
instructions and the sex of S relative to the sex of E are similar to the 
effects of success-failure experiences in pretraining and low versus high 
test anxiety of S. The different pattern of results for boys and girls under 
the two task instructions in the present study are very similar to the 
pattern Hill (1967) obtained for low and high test anxious Ss under the 
two pretraining conditions. The basis for these similar findings, however, 
is not entirely clear. Commonality in the effects of the task instructions, 
pretraining experiences, and test anxiety level of S might be expected 
from the general use of these three variables to manipulate children’s 
anxiety in evaluative situations (Ruebush, 1963). Test instructions, 
failure in pretraining, and a high level of test anxiety of S would all be 
expected to heighten a child’s awareness of the potential for failure or 
poor performance at a task and of possible disapproval from the adult E. 
Why the sex of S relative to the sex of E should have similar effects as 
these other three variables has not been well established. The perform- 
ance data of Hill and Stevenson (1965) and the preferences for perform- 
ing for adults seen on film obtained by Stevenson et al. (1967) offer 
suggestive evidence that evaluation from same-sex adults is more 
important and more likely to elicit anxiety in children than evaluation 
from opposite-sex adults. The present results are consistent with this 
notion in that the performance of boys and girls tested by female Es (a8 
a function of task instructions) is similar to the performance of low and 
high test anxious S: i i : ini 
igh test anxious Ss obtained by Hill (1967) (as a function of pretraining 
experiences). These results taken together, however, are far from defin- 
itive. The determinants of boys and girls differential reactions to male 
and female adults are undoubtedly quite complex and сеа by à 
number of interrelated factors (Stevenson 1965). Until the sex of 5 
relative to the sex of E is related to independent, а Б. if ect mest 
ures of anxiety involving evaluation and behavioral b ch 

anxiety, the hypothesis that evaluatio E мө ог” 
n from same-sex adults arouses 


greater anxiety of this nature is concluded to be tenable but uncon- - 


firmed. 
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An important difference in the results of the present study and the 
earlier investigation by Hill (1967) for the variables under diseussion is 
that an overall sex difference was obtained in the present study but a 
general test anxiety level of S effect was not obtained in the earlier 
study. This finding also argues against the conclusion that the effects . 
of sex of S relative to the sex of E and test anxiety are directly analogous. 
Examination of results of earlier studies reveals that the tendency found 
in the present study for boys to show small changes in performance but 
for girls to show general decrements in performance across the experi- 
mental period is significant in some studies (Hill and Stevenson, 1964) 
and often appears as a trend in other studies (Hill, 1967, as reported in 
Hill, 1965; Stevenson, 1961; Stevenson and Hill, 1965). Whether the 
effect is due to sex differences concerning the intrinsic interest of the 
task, the manner in which Ss interpret the task, the degree to which Ss 
are distracted from the task by Es presence or verbal comments to S, or 
some other factor(s) remains a question for future research. 

The performance of younger Ss in the present study was controlled by 
whether or not the experimenter was making supportive comments. 
Under social reinforcement, younger Ss performed at а somewhat higher 
level across the experimental period, while under nonreinforcement 
performance fell off steadily. It appears that the effects of the evaluative 
properties of the task instructions and the sex of the child relative to the 
sex of the adult are not yet operative for younger elementary school age 
children. Allen (1966) has also found that younger children’s persistence 
on simple tasks seems to be strongly determined by whether or not the 
adult Z is supportive or not. 

The strong and consistent base-rate results have bearing on recent 
evaluations of the methodologies used in studies of social reinforcement 
with children (Parton and Ross, 1965, 1967; Stevenson and Hill, 1966). 
Parton and Ross (1967, p. 324) have recently concluded from this dis- 
cussion that: 

Stevenson and Hill now recommend the use of a factorial design in which levels 
of base rate are entered as a factor. Aware that the analysis problem arises when the 
experimental groups differ in terms of base-rate mean and/or variance, Steven- 
son and Hill suggested that levels of base rate be nested within each experimental 
group. Unfortunately, the interaction between a nested factor and the factor under 
which it is nested cannot be evaluated, Hence, this design will not serve the function 


Suggested by Stevenson and Hill. 

These comments by Parton and Ross are misleading. Stevenson me 
Hill (1966, pp. 324—325) noted that base rate could be crossed wit 
experimental variables but would have to be nested within subject 
variables which showed a difference in base rate. The present study 
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demonstrates the feasibility of crossing base rate with all of the variables 
studied except age of S with a relatively small (17%) sample loss. The 
separate analyses of variance for each age level demonstrated all three 
advantages of blocking on base rate suggested by Stevenson and Hill. 
First, and most critical, the procedure minimized base-rate differences 
among subject and experimental groups by assuring an approximately 
equal mean and distribution of base-rate scores in each group. Thus base 
rate differences are not confounded with the effects of subject and 
experimental variables, a confounding which, as Parton and Ross (1965) 
point out, is a major problem in the use of difference scores. Second, the 
procedure made it possible to assess for, and in the present study rule 
out, interactions of other variables with base-rate level of S which might 
compromise conclusions concerning the effects of these other variables of 
primary interest. Parton and Ross (1967) are correct that such inter- 
actions can not be evaluated for variables under which base rate has to 
be nested. Third, blocking on base rate in order to control for baseline 
differences had the desirable effect of reducing error variance by as much 
as 38% by accounting for within group variance due to the negative 
correlation between base-rate and difference scores. The tendency for Ss 
with a low base rate to show stable performance but for Ss with a high 
base rate to show marked decreases in performance across the experi- 
mental period (Fig. 2) is likely to be a result of fatigue operating more 
strongly for the latter group of Ss. 

It should be possible in future studies to randomly assign an equal 
number of Ss of low and high base rate to each experimental eondition 
with only a very small sample loss in filling the last few cells, since the 
median base rate for Ss of a given age is fairly stable — samples 
reve 1965). As Stevenson and Hill (1966) suggest, it may be more 

cu cross base rate with subject variables (and pretraining vari- 
ables), although at present, age is the only individual difference (or 
pretraining) variable that has been consistently and strongly related to 
base rate of responding (Stevenson, 1965). Whether or not the necessity 
of pret a wholly or partially nested design is a serious difficulty in 
ee 
pared directly св age idi à ate M отдаде 
База 89 акак s) differences were obtained for 
difference paras ee enr EIE Jh the analysis of 

ores, however, since inte: i Mes 

effects appearing within each age rdi aaa de ratem и 
ce ү that base rate be entered ав a factor in future studies 
ia. reinforcement whenever it is feasible to do so, and that base 

rate be erossed with other variables under study if such a procedure does 
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not result in serious problems, e.g. a large sample loss or a nonrepre- 
sentative sample. Such blocking procedures might be useful, moreover, in 
any researeh in which base-level performance is related to later changes 
in performance (Harris, 1963), ie. whenever determinants of base line 
are determinants of change. 
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to Attend to Relevant Attributes! 


RocuHEL GELMAN? 
Brown University 


Five-vear-old children who failed on conservation tests of length, number, 


mass, uo liquid amount were given discrimination learning set (LS) train- 
ing on ош and number tasks, Posttests of conservation showed near per- 
fect «fe. (length and number), and approximately 60% nonspecific 


(mass ond liquid amount) transfer of training. This effect was durable as 
measur | 2-3 weeks later, Analyses of LS learning results and the effects of 


other (raining conditions support the hypothesis that young children fail to 
conserve because of inattention to relevant quantitative relationships and 
attention to irrelevant features in classical conservation tests. 
In general, a test for a ehild's ability to conserve quantity involves 


the following sequence of events: (1) An $ is shown two identical objects 
or sets of objects; (2) he is then asked to judge whether the two objects 
are quantitatively equal; (3) if S says that they are equal, fie Og 
some perceptual but no quantitative properties of one of the stimuli; 
(4) S is asked once more if the two objects (changed REUS altered) а 
still equal with respect to amount; (5) and finally S is asked to Е 
his judgement. If S says the stimuli still have equal ашошца е 
able to explain his answer logically (Piaget, 1952), he is judged à 
“conserver,” Alternatively, if he fails to indicate that E amounts m 
equal or gives а nonlogical explanation, he is judged a И 
This general procedure has been used to test for the Rb ind ^d quid 
variety of quantitative concepts: number, length, mass, and 19 
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amount (Flavell, 1963). The findings from these tests tend to indicate 


that young children under seven years of age do not conserve, children 
approximately seven years of age conserve on some tasks, and children 
eleven years of age and older conserve on all tasks (Inhelder and Piaget, 
1958). EN 

Theoretical accounts for these results may be found in several sources 


(Almy, Chittenden, and Miller, 1966; Bruner et al., 1966; Flavell, 1963; 
Wallach, 1963; Wallach, Wall, and Anderson, 1967). In many of these 
explanations, there appears to be an emphasis upon the nature of the 
internal cognitive structures of the child. Thus for example, there is 
consideration of the extent to which a child uses one or more logical 
operations of multiplication, addition and subtraction, compensation, 
and inversion. Other explanations deal with the effects of misleading 
cues, set, reinforcement, and conflict. In particular, explicit reference 
to factors controlling or directing S’s attention to quantitative attributes 
are lacking. The present study examined the possibility that а young 
child’s failure on conservation tests may be a function of inattention to 
the relevant quantitative attributes of the test or attention to irrelevant 
features such as changes in size, shape, and color. The single important 
implication of this hypothesis is that a young child may in some way 
be able to conserve, and would do so were it not for his strong tendencies 
to attend to stimulus changes (Bruner et al., 1966). This is illustrated 
by considering the nature of conservation tests and how a young child’s 
attention might operate during such tests. 

To begin an assessment of the role of attention in conservation tests, 
one may first note Zimiles’ (1966) observations that a young child 
variously responds to numerical quantity on the basis of cues such as 
length, shape, spacing, and actual number, і.е., his definition of number 
is multidimensional. Of interest is that Trabasso and Bower (1968) have 
shown that an S presented with a multidimensional stimulus responds 
to the attribute or attributes which are most salient, or attract his 
attention. If one assumes that, in general, young children do define 
quantity multidimensionally, then it is possible to show that differential 
attention to the various “quantity” attributes may determine whether 
or not a child will behave as a conserver. 

To make matters specific, consider the liquid conservation test. To 
begin, S is shown two glasses of water that are the same size, shape, 
height, and width; and equal amounts of water are poured into each 
glass. The stimulus complex of each glass with water can be thought 
of as a multidimensional pattern with at least six attributes; these being 
size, shape, height, width, water level, and actual amount of water. The 
S may perceive relations and aspects other than those defined by 2; 
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hence we shall use the term “сце” to refer to any stimulus attribute to 
which S may attend, code, and use as a basis for his response (Lawrence, 
1963). From the E's point of view only one cue is relevant, i.e., related 


to the solution of the conservation problem, and this is amount of water. 
All others are irrelevant. However, from the viewpoint of a young 5 all 


cues are potentially relevant to his definition of amount. When he is 
asked to judge amount, he may do so on the basis of any or all cues 
in the complex. At the start of the conservation problem E has no way 


of knowing to which cue S is attending. He is, however, most likely 
attending to one of the n irrelevant dimensions rather than the one 
quantity dimension. Furthermore, when E changes a stimulus array, 
в attention may be drawn to the irrelevant cues since these all change 
m quantity does not, In fact, this manipulation should serve to en- 

nee the likelihood of S using irrelevant features since movement or 
change is a way of bringing attention to an attribute. If S does use an 
irrelevant eue at the start of the conservation task, it does not matter, 
for he will still be able to judge the stimuli as equal. Furthermore, he is 
not asked to explain his response. What does matter, is which cue 5 
attends to after E transforms one of the stimuli. If S attends to an 
irrelevant cue, he will judge the amounts as different and therefore not 
conserve. Since our analysis shows that he is most likely to attend to 
irrelevant cues, it would seem the conservation task needs be modified 
to control for attention. Alternatively, S could be trained to attend to 
relevant and ignore irrelevant cues before being tested on the classical 


conservation problems. NE 
Now consider a comparison between conservation and discrimination 
ulus patterns; 


learning tests. In both, S is shown multidimensional stim i 5 
presumably сап respond to any of the definable aspects therein; and is 
to attend, and then respond to a relevant attribute (в). Unlike in the 
conservation test, feedback in discrimination training serves to inform 
S as to which attribute he should key his responses, since reward is 
consistently associated with the relevant, but not the irrelevant attri- 
butes. It is always possible for S to correct himself. In conservation 
tests, correction is not possible, since S is not told that his answers are 
wrong nor given chances to try alternative cues. The implication of 


this comparison is that Ss might be brought to attend to quantity 


attributes, and thereby conserve, via discrimination training on problems 


related to conservation. In this regard, learning set (LS) training pro- 
cedures seem most appropriate (Braine, 1962). Here S undergoes train- 
^N ing with a large number of problems containing many different stimuli; 
1 although stimuli differ, across problems there is one common relation- 
Ship, and attentional responses to this common cue are reinforced. The 
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oddity task is an example. Here S is presented with a series of problems 
and in each, three stimuli are shown—two are identieal, the third 
different. In each ease, S is rewarded for choosing the “odd” object; 
concrete features are changing and irrelevant. Subjects learn these 
problems by ignoring irrelevant hypotheses, or eliminating "error fac- 
tors" until they come to attend and respond correctly to the relevant 
aspects (Harlow, 1959). 

The above considerations lead us to use oddity LS training to "teach" 
Ss to attend and respond to quantitative relations. If Ss learn to attend, 
and respond to quantity and not other relational cues, then they should 
conserve when transferred to standard conservations tests. 


METHOD 


General Design 


The experiment consisted of three phases: pretesting, training, and 
posttesting. In pretesting Ss were given standard length, number, mass, 
and liquid amount conservation tests. If S failed to conserve (sce cri- 
terion below), he underwent the remaining two phases, each taking 2 
days. Training was initiated within 2 weeks following testing. The 
training and initial transfer testing were always conducted on 3 con- 
secutive days. A second posttest followed within 2-3 weeks. Each S was 
seen individually. 

There were three kinds of training; (1) modified learning sct with 
length and number stimuli; (2) experience with the latter problems 
without feedback; and (3) modified learning set with "junk" stimuli. 
Conditions (2) and (3) served as controls for the effects of feedback 
on the learning of length and number concepts, and general diserimination 
and labelling experience, respectively. Following training, all Ss were 
retested on length, number, mass, and liquid amount conservation tasks 
thereby providing tests of specific and nonspecific transfer. 


Subjects 


The Ss were 110 children (57 girls and 53 boys) haphazardly selected 
from the kindergartens of Sherman Oaks Elementary School in Sherman 
Oaks, California. Their ages ranged from 4 years, 9 months to 6 years 
(median age, 5 years 4 months). Three Ss were dropped from the experi- 
ment because they were unable to count, leaving an N of 107. Of these, 
60 were assigned as described below to one of the three training con- 
ditions. The median age of the LS group was 5 years 4 15 months, and 
for the other two groups, 5 years 5 months, 4 


CONSERVATION ACQUISITION 171 


Conservation Pretest 


The tests and items were presented in a random order for each 8. 
There were two items in each of the four conservation tests. Materials 
in the mass test were colored plasticine balls; in the liquid test, 2 
lentical beakers with equal amounts of water, a tall thin glass, and 
& short wide glass; in the number test, 2 sets of five black checkers; in 
the length test, 2 yellow sticks, 10 inches each in length. 

At the start of each test, stimuli were presented so that they were 
» perceptually and quantitatively equal. Thus the 2 sticks were aligned 
“horizontally so that their ends matched, the checkers were placed in 

one-one correspondence, equal amounts of water were poured into two 

like beakers, and the round balls of plasticine were the same. Then Ss 
were asked if the stimuli had the “same or different amount”; Ss who 


judged ihe stimuli as “same” watched H rearrange or alter one of the 
stimuli «nd were asked a series of questions. An example of questions 
asked aftcr each transformation is: : 

(1) "Do these have the same or different amounts of clay?” 


(2) df S answered “different.”) Does this one (the altered object) 
have more or less clay?” and “Why do you think so?” 
(8) (If S first answered “same.”) “Why do you think so?” 


Similar questions were used in all conservation tests, except the word- 
ing was changed as required by the partieular test. Table 1 summarizes 
the items used in both pre- and posttests. 


Nonconservation Classification 


The S's answers to the questions and his explanations were used 
jointly to define nonconservation. Explanations given to “same” responses 
Were rated as either "adequate," "inadequate," or "ambiguous." А Dos 

| Sponse was rated adequate if it referred to former equality, reversibility 
of the transformation, compensation, addition and subtraction, the ir- 
relevancy of the transformation, and partition or matching schema. 
Examples of adequate responses observed are; “you just moved it (the 
Stick), and if you moved it back they'd be the same length," “because 
it’s water and will go down further and be wider in this jar, but stays 
the same amount,” or “it’s the same number because you didn’t D 
another one there.” A response was rated inadequate if it was “magical, 
Provided no information, or made reference to perceptual cues or ee 
i in the experiment. Examples of these are "my mommy told me," i 
| don't know,” “they are the same size,” or “you made this into a pencil. 
Any response that could not be rated as adequate or inadequate was 
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designated ambiguous. All explanations given to a “same” answer were 
rated independently by two judges and the percent of agreement for 
149 correct answers was 95.6, indicating high inter-rater reliability. 

Ап S was defined as а nonconserver if he gave (1) no correct answer 


or explanations or (2) one or two correct answers, but no correct, ex- 
TABLE 1 
Description or Test ITEMS ох Pre AND POSTTEST OF CONSERVATION 
Conservation 
test Item Pretest Item Posttest 
Length (1) one stick moved on the (1) + (2) same as pretest 
horizontal to S's right (3) V's placed at the end of 
(2) one stick placed at the center variable stick so as to in- 
and vertical to standard stick duce Muller-Lyer illusion. 
The V's pointed inward 
and made the stick look 
shorter; 
(4) V's pointed outward and 
made the stick look longer 
Number (1) one row spread out to look (1) + (2) same as pretest 
longer (3) one row moved together to 
(2) one row made into a circle look shorter 
(4) one row divided into two 
groups: One of three and 
one of two 
Liquid (1) contents of one beaker poured (1) + (2) same as pretest 
into a tall thin glass (3) contents of one beaker 
(2) contents of one beaker poured poured into two smaller 
into a short wide glass glasses 
(4) contents of one beaker 
poured into a triangular 
shaped beaker 
Mass (1) one ball made into a long thin (1) 4- (2) same as pretest 
sausage shape (8) one ball made into two 
(2) one ball made into a cross smaller balls 
shape (4) one ball made into а 
Square 


planations for any of the right items. On this basis, 70 children were 
defined as nonconservers. Sixty-six met the first criterion, four the 
second. Ten of these were lost due to illness on training days. The Ss 
were tested until a squad of 12 nonconservers Was observed; 4 Ss from 
each squad were randomly assigned to one experimental condition. This 
procedure continued until 20 Ss were assigned to each condition. 


k 
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Oddity Control (OC) Training 


The stimulus materials for oddity problems consisted of small, three- 
dimensional toys glued, face up, on 2 X 2-inch blocks of wood. Thirty- 
two sets of three blocks (two alike and one different) were made by 
combining 16 separate pairs of identical stimuli, so that each stimulus 
was included in four different sets; twice as the member of the identical 
pair and twice as the odd object. An example of a stimulus set would 
be two toy lions and one toy cup. 

These 32 stimulus sets were used in 32 training problems, with 16 
being presented per day for 2 consecutive days. Each problem consisted 
of six trials. The position (left, middle, or right) of the odd object within . 
à problem was randomized with the restriction that the odd object 
occurred twice in each position. The S's task was to point to either two 
objects that were the “same” or two that were “different.” On half the 
trials, E asked 5 to point to two toys that were the “same” and on the 


other half to two that were “different.” The latter response had to in- 
clude a choice of the “odd” stimulus in order to be judged correct. 
Whenever 5 made a correct choice, he was told; “Yes, that is right, and 
here is a ‘prize’.” When wrong, he was told; “No, that is not right.” A 


noneorrection procedure was followed. The prizes were trinkets. 


Learning Set Training 

Problems. There were 32 six-trial problems, 16 were length and 16 were 
number. Each problem consisted of three stimulus objects, two that con- 
tained identical, and one that contained different quantities (e.g, two 
rows of five chips versus one row of three chips, or two 6-inch sticks 
versus one 10-inch stick). В 

Thirty-two six-trial problems were used to assure that Ss received 
extensive training with a large number of different examples of the 
relevant, conservation principles. The choice of number and length con- 
cepts derived from examination of the nature of the problems. Tt has 
been noted (Piaget, 1952) that children often define numerosity in кан 
of length cues. For example, children say that the number eae 
^ row increases when the row is made longer. Alternation between 
humber and length problems here meant that sometimes the length was 
relevant and sometimes irrelevant. The interchange of number and 
length tasks was viewed as one way of forcing the child to see that a 
quantity cue can be either relevant or irrelevant, and that he has to 
discriminate when a particular cue is, in fact, relevant. To solve all 
Problems, the child would have to learn to separate out the Quan 
cue functions of length, as well as, ignore irrelevant cues within a 
Problem. 

"In regard to the above it should be noted that Beilin (1965) used a feedback 
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(a) Between problem variations. The changes that occurred between, 
but not within problems were color (red, green, yellow, or blue), size 
and shape (for length, large or small square or circular sticks; for 
number, large or small rectangular or circular chips), starting arrange- 
ments (horizontal, vertical, horizontal and vertical, and geometrically 
arranged rows of chips or sticks), and quantity combinations. For length, 


PROBLEM TYPE 
TRIAL NUMBER LENGTH 


Fic. 1. Schematic representation of intraproblem variations for a length and num- 
ber problem presented during SC and LS training. 


the quantity combinations were: one or two of either 6- and 10- inch 
or 5%%- and 7-inch sticks. The number quantity combinations were: one 
or two sets of four and six, or three and five objects. In both kinds of 
problems, variation in length and number values were used to assure 
generalized responding to length and number cues. 

For each type of problem (length or number), 16 stimulus sets were 
eonstrueted by combining these dimensions above. Over problems, each 
stimulus value oceurred four times. 

(b) Within problem variations. Examples of the stimulus variations 


training procedure with length and number problems and failed to obtain transfer 
on conservation tests. This may be attributed to the fact that he used significantly 
fewer trials and presented the length and number problems in blocks rather than 
randomly. 


tilt. 
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within a problem are shown in Fig. 1. The stimulus sequences within each 
“problem were designed to approximate certain features of the conservation 
s and allow for later analyses of the kinds of errors made. The six 
trials were arranged as follows: On Trial 1, as at the beginning of 
conservation tests, the stimuli consisted of patterns where all cues were 
relevant and redundant. For example, two sticks of equal length were 
placed parallel to each other and with ends aligned, but the third 
I different lengthed stick was’ not aligned nor necessarily parallel with 
‘the other sticks. Thus, a choice of the aligned and parallel sticks as 
"same" could be on the basis of either length (which is relevant) or 
‘end matches or parallel cues (which are irrelevant). Likewise, in the 
number problems, on Trial 1, the number, length, and parallel cues were. 
redundant. Trials 2-5 served as “transformation” trials, where the align- 
ment and «cometric cues varied independently of length and/or number 
cues. On Trial 6, the stimuli were moved so as to hold constant ir- 
‘relevant cucs. For example, the 3 sticks were spatially separated and 
"nonparallel. For S to respond correctly, he would have to do so on the 
basis of tlic relationship between quantities per se. 


Although the questions asked and the stimuli shown in LS training 
were different than those in OC training, other features of training (e.8., 
feedback presentation and randomization) were identical to those in the 
OC condition. After the stimuli were arranged for a particular trial, E 


said “show me two sticks that are the same (or different) lengt 3 or 
С "show me two rows that have the same (or different) number of things 
in them.” 

Stimulus Change (SC) Control. The stimuli and training procedures for 
the SC condition were identical to those for the LS condition, except no 
feedback was given. At the end of each session, S was told that he was 
playing the game “very well" but nothing else. Н] 

Transfer Tests. Each S was tested the day after training and then 
2-3 weeks later on the four conservation tasks shown in Table 1. The 
administration procedure was identical to that used in pretesting, except 
for the addition of items in each test. When the conservation tests were 
Teadministered 2-3 weeks after the first posttest, the presentation order 
Of tasks and items within each was rerandomized, but otherwise testing 
Was the same. 


RESULTS AND DISCUSSION 


Oddity Training 

The Ss in Group OC made virtually no errors in training. zie mean 
number of errors per S was 1.5 indicating that understanding of "same- 
different? was most likely acquired before training. j 
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SC and LS Training 


Figure 2 shows the proportion of correct responses for the 32 successive 
problems for the LS and SC groups. The first problem is shown by 
halves, since learning in the LS condition began within the first 3 trials; 
this was not true for the SC group. Inspection of Fig. 2 reveals that 
both groups had the same initial probability of a correct response 
(approximately .60). Learning Set Ss began to learn immediately, and 
reached an asymptotic performance level of approximately 95% correct. 
An S was considered to have learned the length and number problems, 
if for each he had no more than one error for at least the last two 
problems. Nineteen of the 20 LS Ss reached this criterion for both (уреѕ 
of problems. 
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Fic. 2. Probability of a correct response per 6-trial problem for groups LS and SC. 


.In eontrast, there was almost no learning about quantity in the SC 
condition. The average learning eurve is relatively flat, rising over the 
last problems to .70 correct. Inspection of individual data revealed this 
improvement was contributed by 6/20 Ss. Four of these Ss “learned” 
both concepts, while the other two "learned" only the length concept. 
The remaining Ss failed to reach criterion or show any improvement 
over trials. Fig. 3 gives "learning" curves for both kinds of SC Ss, 
“Jearners” and “nonlearners.” In comparing Figs. 2 and 3, note that Ss 
who came to respond to quantity in the SC condition did so much more 
slowly than LS Ss. 

The LS acquisition data were analyzed separately for the length and 
number problems. The probability of a correct, response on each problem 
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farmer” in ihe SC group. 
type during the course of training is given in Fig. 4. One can see that 


for problems 1-10 the learning curves do not differ in any systematic 
way. However, for problems 11-30, the probability of a correct response 
on length exceeds that on number in all but two cases. Thus, length 
concepts would appear to be “easier” to acquire than number ones. 
However, this result is understandable if one analyzes the two problems 


1.00 


60 


e— LENGTH 


> 
o 


----- о NUMBER 


PROPORTION CORRECT RESPONSES 
DJ 
o 


?8 з2 


20 24 


12 16 
PROBLEM NUMBER 


Fic. 4. Probability of a correct response on length an 
group LS. 


4 8 


d number problems for 


178 ROCHEL GELMAN 


in terms of the cues contained therein. Length cues were present in 
both problems, while number cues occurred in only the number problems. 
Thus in length problems, Ss were reinforced for responding to the 
relevant length cues. This tendency probably transferred and produced 
negative transfer to the irrelevant length cues in the number problem. 

To assess the effects of feedback in LS, separate analyses were per- 
formed on error data for each kind of training trial. Recall that on 
Trial 1, all cues were present and redundant. Since Trial 1 offered S 
more than one “correct” alternative, the probability of a correct re- 
sponse should be greatest on these trials. On Trials 2-5 relevant and 
irrelevant quantity cues were opposed. If S used irrelevant cues, then 
this would be shown in an increased error probability on Trials 2-5. 
Finally, on Trial 6, all irrelevant cues were removed or held constant, 
which means that S had to respond to quantity to be correct. Thus if 
he could use a relevant quantity cue, he should quickly learn to re- 
spond to these. If not, the probability of a correct response should be 
close to chance (p = .60). 

Table 2 gives the proportion of errors group LS made on Trial 1, 


TABLE 2 
ERROR PROBABILITIES DURING THE FIRST AND SECOND Hatves or LS TRAINING 


Proportion of errors 


Length Number 
Problem First half Second half First half Second half 
{уре training training training training 
Trial 
1 07 ‚01 ‚05 ‚04 
2—5 ‚19 .08 .21 AT 
6 12 .03 .10 .06 


Trials 2-5, and Trial 6 on length and number problems during the first 
and second halves of training. As expected, the proportion of errors is 
very low for Trial 1. This proportion was also low for Trial 6, indicating 
Ss were able to respond to relationships of quantity per se. The larger 
error proportions on Trials 2-5 reflects interference from irrelevant cues. 
The high Trial 2-5 error probability for number problems during the 
second half of learning reflects the previously noted tendency for Ss to 
err on number problems 10-30. 

To determine whether or not irrelevant cues dominated when intro- 
duced in LS training, a comparison was made between the number of 
errors due to use of such irrelevant cues versus errors due to random or 
position responses. In scoring the errors, it was assumed that S's choice 
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of stimuli indicated to which eue he was attending on a given trial, For 
example, in Fig. 1, on Trial 3, if an S made a “same” choice of the rows 
containing three and five chips, his error was judged to be one of match- 
ing ends; on Trial 5, for a similar erroneous choice, spacing cues were 
judged to be those eontrolling the choice. For a more detailed deseription 
of this scoring, see Gelman (1967). 

Given that an error occured, the probability that an irrelevant, eue 
was used is extremely high. For number problems, these were .89 and .82 
for the first and second halves of training, respectively. For length 
problems, these same probabilities were .88 and ‚85. 

A similar pattern of error probabilities was observed for SC Ss, except 
these were larger, reflecting the observation that most SC Ss did not 
learn. 

On the basis of the LS error analysis, we conclude that with feedback, 
young children quiekly learn to use a quantity dimension. In faet, the 
rapid acquisition (especially as indicated on Trial 6) strongly suggests 
that Ss had some preexisting understanding of quantitative relationships. 
Nevertheless, when irrelevant cues were introduced, they were frequently 
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2, 3 or 4 number item on immediate (6A) and delayed (6B) transfer tests, (Over- 
all proportion correct indicated inside figures). 


the basis for responding. This supports the hypothesis that irrelevant 
nonquantitative cues are salient for the young child and that he i» 
more likely to attend to them. Introducing feedback into the task ap- 
parently forces his to eliminate the use of irrelevant cues and to attend 
to and use relevant quantity cues, The question of interest is whether 
or not this learning transfers to conservation tests. 


Specific Conservation Transfer 


The specific conservation transfer data are the frequencies of correct 
answers given to the length and number items, These are shown in Figs. 5 
and 6 for each traming condition and for both immediate (one day 
after training) and delayed (2-3 weeks later) posttesting. 

On the immediate test, for length conservation, 16/20 OC Ss failed to 
improve. Four Ss answered only one or two of four items correctly. In 


the SC condition, 8 Ss showed no transfer, Үү 


ith one exception, those 
Ss who answered correctly, did so to only one or two items, In contrast, 
all but two LS Ss mad 


e perfect scores on length tests. Comparing Figs. 


m 
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5 and 6, one can see that the pattern of results on the immediate number 
tests was virtually identieal to that on length tests. 

The overall percentages correct for specific length and number tests 


were 95 and 96, 27 and 21, 7.1 and 1.3 for the LS, SC, and OC conditions, 
respectively. 


Specific tests administered two to three weeks later yielded essentially 
the same results as above, indicating durability of the training effects. 

The SC data were analyzed in terms of those Ss who did and did not 
"learn" during training. The 6 SC "learners" contributed 6095 of the 
correct answers. This is to be compared with the 95% correct responding 


by LS Ss, -uggesting that the “learning” by SC Ss was not durable. 
Nonspecific Transfer 

The results for immediate and delayed tests on liquid are summarized 
in Fig. 7; (hose for mass are given in Fig. 8. 

As on specifie tests, Ss in group OC showed no transfer to nonspecific 
tests. More notably Ss in the SC condition also failed to transfer to non- 
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Fia. 8, Number of children in OC, SC, and LS conditions who correctly answered 
0, 1, 2, 3, or 4 mass items on immediate (8A) and delayed (8B) transfer tests. 
(Overall proportion correct indicated inside figures). 


specific tests. The LS Ss showed substantial generalization. On the im- 
mediate tests, the average proportion of correct; test responses by LS Ss 
were .55 and .58 for liquid and mass, respectively. The proportions for 
the two respective delayed tests were .71 and .65, indicating retention and 
perhaps, some improvement from immediate to delayed tests. These 
strong generalization effects would seem to contradict one aspect of 
Piaget’s theory of conservation development. In his discussion of how 
the concrete operational child (aged 7-11) conserves, Piaget states that 
the child does not have as yet the ability to use one common set of rules 
for all conservation problems, and learns anew to apply concrete opera- 
tions to each conservation problem he confronts (ef. Flavell, 1963; р. 
204). The generalization data do not bear this out; rather, they support 
the idea that a general rule can be applied to the conservation tasks, 
one which involves the ability to look for and use relevant quantity cues. 


Explanations on Transfer Tests 


Following the procedure used for pretest data, all explanations for 
correct responses were rated as adequate, inadequate, or ambiguous. The 
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percent agreement for two independent ratings of 602 explanations was 
96.2. 


Regardless of test type or test interval, LS Ss consistently gave more 
adequate explanations than their SC (or OC) counterparts. For LS Ss, 
the conditional probability of an adequate explanation, given a correct 
answer on the immediate test, was .97, .78, .78, and .91 for number, length, 
mass, and liquid, respectively. The respective probabilities on delayed 
tests were .95, .86, .89, and .97. Some examples of adequate explanations 
which illustrate the extent to which LS Ss conserved on posttests are; 
"you have to break them if you are going to change the lengt j “you 
haven’t taken any away,” “it’s (water) lower but wider and so the same,” 
“they were the same before and you ean see if you make it (plasticine) 
back,” or "it doesn’t matter if you do that.” This good correspondence 
between r-ponses and explanations was not observed for the SO Ss. 
Approximately 27% of all specific transfer items were answered correctly 


by SC Ss, hut of these, less than 50% were explained adequately. These 
Ss gave 39.4% adequate explanations on immediate and 47.9% on de- 

layed tests. Comparing kinds of specific tests, SC Ss gave a higher per- 
fentage of adequate explanations for number (61 and 73 for immediate 
and delayed) than length (19 and 24). 

Since there were so few explanations given to nonspecific transfer items 
by SC Ss, and to all transfer items by OC Ss, these explanations were 
not analyzed. 

A consideration of nonspecific explanations sheds some light on why 
Generalization oceurred on the mass and volume tests following LS train- 
ing. Aside from having learned to ignore specific context cues in length 
and number problems in LS training, Ss may have learned to ignore 
Some nonspecific classes of cues (ef. Harlow, 1959; Restle, 1958). Such 
à general class might be stimulus change, regardless of the quantitative 
Cue. Also LS Ss might have learned to maintain an initial judgment from 
Trial 1 through the stimulus changes. That this kind of learning did 
occur, is shown in nonspecific explanations like “you haven't done any- 
thing to change the amount” or “they used to be the same and so they 
have to be now.” Such explanations occurred frequently; in fact, every 
LS S gave at least one such nonspecific explanation. 


Immediate and Delayed Posttest Differences 

— Note that for all transfer conditions, save one, both the number of 
Correct responses and quality of explanations improved from the first to 

the second posttest. The LS Ss showed some forgetting on length tests. 


To evaluate the reliability of these changes, t tests for correlated 
‘Observations were performed on all measures. Nonsignificant Ё scores 
n number of “same” 


Were obtained for all but one test; the increase i 
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responses given by LS Ss on liquid tests is significant, but only when a 
l-tail test is used (f = 1.857; p < .05). Thus it would seem that the 
observed changes are not reliable. 


Overview 

Starting with an analysis of conservation as a problem in attention 
and discrimination, the present research has shown that, given appropriate 
training, one сап elicit conservation behavior from children who initially 
fail to conserve on classical conservation tests. Appropriate training 
seems to involve two factors: (1) An opportunity to interact with many 
different instances of quantitative equalities and differences апа (2) 
feedback, which presumably tells S what is and what is not relevant to 
the definition of quantity. This is supported by training and transfer 


results from both SC and LS Ss. The SC Ss received only changing 
stimuli, while the LS Ss received both changing stimulus experience and 
feedback. Some of the SC Ss learned to conserve in a limited way. There 
was a small amount (27%) of specific generalization, but almost no 
nonspecific transfer. In contrast, with LS training almost perfect. specific 
and considerable nonspecific transfer occurred. In addition, LS Ss were 
better able to explain their correct answers. Finally, it seems that LS 
training brought Ss to use a general rule like “it doesn't matter what 
you do or pay attention to the way it is to start.” - 

There are two alternative interpretations that might be made of these 


ever, the data go against this interpretation in several ways. First, LS Ss 
very quiekly mastered the training task. If they were learning to define 


s quisition, it seems more appro- 
priate to say the five year old can work with quantity if “told” to do so. 


Feedback seems to be a very effective way of communicating the task 
requirements to a young child, 


A second result of interes 
of Trial 6, which provided s 
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use (cf. Braine and Shanks, 1965). The five-year-old child apparently 
does have to learn to respond consistently to quantity and not be dis- 
tracted by irrelevant cues, but does not have to learn, de novo, to define 
quantity and invariance. That Ss adopted somewhat general rules may 
reflect new learning. Still, other investigators have indicated that young 
children know more about quantitative relationships than demonstrated 
in conservation tests, e.g., it has been shown that Ss can accurately antici- 
pate quantitative changes (Taponier, 1962; cited by Berlyne, 1965), or 
| predict reversible effects (Berlyne, 1965; Wallach et al., 1967), and still 
hot conserve. It could be that these responses are present in a child’s 
repertoire, but are dominated by strategies under the control of irrelevant 
stimuli. If so, training which extinguishes the use of irrelevant cues 
should also bring out the *correct" verbal responses. 
It should be noted that our basic results lend support to the positions 
of Wallach et al. (1967) and Zimiles (1963). Wallach et al., have sug- 
_ gested that conservation depends on a child learning to ignore misleading 


cues; ani Zimiles (1963) offers an explanation of number conservation 
in terms of S learning to ignore spatial cues, while developing a number 
“set.” Also of interest is a recent experiment by Kingsley and Hall (1967) 
Who have successfully trained length and weight conservation with LS 
procedures, Although these findings agree with those of the present study, 
if is not clear from an analysis of the training procedures used by Kings- 
ley and Hall why transfer was obtained. Kingsley and Hall's use of 18 
training differs from that of the present study. Rather than specifically 
training Ss to ignore irrelevant and attend to relevant aspects of the 
Conservation problem, they trained Ss on a graded series of subtasks 
related to conservation (e.g, appropriate use of scales and then the 
Operation of addition and subtraction). It is possible that the experience 
Оп these subtasks involved ignoring the irrelevant features therein, and 
hence, indirectly served the same purpose as the LS experience in the 
present study. 3 4 
A critical question often raised about the present kind of research is 
Whether or not the LS Ss “really” have conserved on post-tests. Insofar 
4s our tests measure conservation, the answer is yes. That Ss were able 
to generalize and give logical explanations on nonspecific tests seems 
Most significant. However, Piaget (1967) might argue that such tests are 
hot sufficient and that our LS Ss are “pseudoconservers” and would fail 
to perform correctly on other acts such as pouring an equal amount of 
Water into large, narrow and shallow, wide jars. This can only be 
| 3nswered with further studies, since the present design did not include 
Such tests. 
Aside from the above, the results point to two lines of research. One 
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calls for the development of techniques that will Yield specitic descrip- 
tions of what the five-year-old knows about quantitative relations, and 
how his behavior differs from older children. For example, the data sup- 


port our assumption that young children operate on a hierarchy of 
quantitative response strategies and define quantity multidinensionally, 
What seems called for is a careful analysis of this hierarchy and how it 
changes. A second line of investigation points to the need to develop tech- 
niques that could be used with younger Ss, The present research does not 
tell us how the child is able to respond to relevant quantity cues or what 
such a statement means operationally. Put diff rently, if by the time the 


child is five he has formulated the hierarchies we postulate, we still have 
the tasks of tracing and explaining their development. 
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Setting Similarity and Successive Discrimination 
Learning by Children! 


BONNIE J. LUBKER 
Institute of Child Behavior and Development, University of lows 


The experiment was designed to test the theoretical prediction that a 
decrease in the similarity of the settings, achieved by increasing the number 
of nonspatial dimensions varying between settings, decreases the ШИГ 
of the successive diserimination problem. Three successive problems, differing 
as to the number of nonspatial dimensions that varied between «itings, 
were administered to children. The pairs of stimuli in the two settings of 
Problem 3 differed with respect to three dimensions, "They differed on two 
dimensions in Problem 2. One dimension varied between settings in Problem 


and spatial dimensions 
Stimulus compounds, each 
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tendencies of stimulus components in multidimensional stimuli, the Hy- 
pothesis of Stimulus Interaction (Spiker, 1963), predicts that a decrease 
in the similarity of the settings decreases the difficulty of the successive 
problem. The present experiment was designed to test this prediction. 
Three successive discrimination problems, differing as to the number 
of nonspatial dimensions that varied between settings, were administered 
to different children. The pairs of stimuli in the two settings of Problem 


3 differed with respect to three nonspatial dimensions (i.e., form, size 
and brightness). They differed on two nonspatial dimensions (e.g., form 


and brightness) in Problem 2. One nonspatial dimension (e.g., form) 
varied between settings in Problem 1, the standard successive discrimi- 
nation problem. According to the Stimulus Interaction Hypothesis, per- 
formance should be highest on Problem 3, intermediate on Problem 2, 
and poorest on Problem 1. 
METHOD 

Problems. The arrangements of stimuli used in each of the three 

successive discrimination problems are shown in Fig. 1. The stimuli 


differed in form, brightness, size,? and position. 


SETTING 


Fic. 1. The stimuli presented in the three successive discrimination сони 
Selection of the stimulus on the left was rewarded in Setting 1 in each problem; 
Selection of the right stimulus was rewarded in Setting 2. 


In Problem 1, the standard successive discrimination problem, the 


two forms (square and circle), and the two positions (left and right) 
were scheduled for reward and for nonreward equally often. The stimu- 


*Manipulation of the size dimension in the successive problem is to be avoided 
Since a difference in the size of the stimuli between the two settings results in a 
Corresponding difference in the distinctiveness of the spatial stimuli between id veh 

he solution of the successive problem requires the discrimination between the 
Spatial stimuli as well as between the nonspatial and, according to the PRA 
Interaction Hypothesis (Spiker, 1963), an increase in the distinctiveness of tl s 
Spatial stimuli, achieved through a greater spatial separation of the EE E: 
Stimuli, would result in an improvement in performance on the suecessive problem 


(see Spiker and Lubker, 1965). 
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lus compounds, left square and right circle, were consistently rewarded. 
Three groups were constituted to counterbalance for the nonspatial 


stimulus dimension that varied between settings in Problem 1. The 
stimuli differed in form in Counterbalaneing Group Е (see Fig. 1). In 
Counterbalaneing Groups B and 8, the stimuli differed in brightness 
and size between settings, respectively (not shown in Fig. 1). There 
were four subgroups to counterbalance for the values on the two non- 
spatial dimensions that were constant within a problem in each of these 
three main counterbalaneing groups. All of the stimuli in a subgroup 
were either large and black, large and white, small and black, or small 
and white in Counterbalancing Group Е. In Counterbalanciny Group B 
the two values on the form and size dimensions were counterbalanced 
in à similar manner, The values on the form and brightness dimensions 


and white), and positions (left and right) were rewarded and nonre- 
warded equally often. The black square on the left and the white circle 
on the right were consistently rewarded. There were thre: groups to 
counterbalance for the two nonspatial stimulus dimensions that varied 
between settings in Problem 2. The stimuli differed in both form and 


brightness (see Fig. 1), size and brightness, and form and size between 
settings in Counterbalancing Groups FB, SB, an FS, respectively. For 
each counterbalaneing group, there were two subgroups to counterbalance 
for the values on the dimension that remained constant within a problem. 
For example, in Counterbalancing Group FB, all of the stimuli for a sub- 
group were either large or small. The values on the form dimension and 


mensions of the blocks were 
(large Square); 3 inches (small square); 4-inch 
and 3-inch diameter (small circle). 
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Two blocks, the centers of which were 10 inches apart, were placed 
on an 18 X 22-inch red turntable on each trial. A 13 X 22-inch vertical 


sereen in the center of the turntable prevented S from observing E as 
she prepared the apparatus for the next trial. 

Subjects. The Ss were 108 second-grade children from the Iowa City 
public schools, ranging in age from 6 years, 11 months to 9 years, 1 


month. Thirty-six Ss were assigned randomly to each of the three 
successive discrimination problems. 


Procedure. The Ss were tested individually. The following instructions 
"Were given: “This is a test to see if you can learn to find a hidden 
marble. When you learn the secret, you will be able to find the marble 
on each turn. [S is shown a red triangular block.] This is the way to 
look for а marble. [E presents the blocks appearing on the first trial.] 
Go ahead and look in the block that you think has the marble. Open 
Ошу one each time.” When S found a marble for the first time he was 

instructed to put it in the can placed on his right. 
Each 5 received 120 noncorrection trials. A trial consisted of the 
presentation of one of the two settings. The two settings in a problem 


Were presented equally often in a prearranged random order within each 
block of ten trials. Eight stimulus blocks, four for each setting, were 
used during the training of an S. The appropriate blocks were paired 
аб random from trial to trial to control for extraneous cues. 


RESULTS 
The means and standard deviations of the numbers of correct re- 
Sponses obtained in 120 trials on the three successive diserimination 
problems are shown in Table 1. The rank order of these problems was 


TABLE 1 


MEAN NUMBERS or Correct RESPONSES АМ 
ron THE SUCCESSIVE DISCRIMINATION PROBLEMS 


D STANDARD DEVIATIONS 


Problem Mean CR SD "m 
1 63.03 11.86 
2 69.81 19.84 
3 75.81 E 


Consistent with the rank order predicted by the Stimulus Interaction 
| Hypothesis (Spiker, 1963). A test (Jonckheere, 1954) of the predicted 
j Tank order against the null hypothesis resulted in a rejection of the 
latter beyond the .04 level of confidence. 

І Figure 2 shows the mean numbers of correc 
- the three problems for each of the twelve blocks of ten 
tical analysis (Type I design; Lindquist, 1953, pp. 26 


responses obtained on 
trials. A statis- 
7 ff.) was per- 
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formed on the correct-response data. The between-subjects fae or 
problems and the within-subjects factor was trial blocks, 

The analysis indicated that the main effect of problems was stat 
tically significant (p < .025). In order to determine which proble 
fered significantly from each other, £ tests were conducted using an 
term based on the variability of all three problems. There was a 
cant difference between the means for Problems 1 and 3 (p < 01 
the differences between Problems 1 and 2 and Problems 2 and 3 we 
statistically significant, 


MEAN NUMBER OF CORRECT RESPONSES 


EE E Nr a NE E m 


BLOCKS OF TEN TRIALS 


Fic. 2. Mean CRs plotted in blocks of ten trials obtained for the succes 
discrimination problems, 


problem, Performed near the chance level throughout training. 


SIMILARITY AND DISCRIMINATION LEARNING 193 


An analysis (Simple-randomized design; Lindquist, 1953, pp. 47 ff.) 
of the correct-response data obtained for Counterbalancing Groups F, 
B, and 8 in Problem 1 indieated that the counterbalancing effect was 
not significant. A similar analysis for Counterbalancing Groups FB, 
SB, and FS in Problem 2 revealed a significant counterbalancing effect 
(p < .05). Performance was higher in Group SB than in Groups FB and 
FS with the result that Е tests of the difference between Groups SB and 
FS (р < .02) and Groups SB and ЕВ (p < .05) were significant whereas 


the difference between Groups FS and FB was not. х 
DISCUSSION 
The resulis were consistent with the theoretieal prediction that à 
decrease in the similarity of the settings, achieved by increasing the 


number of nonspatial dimensions varying between settings, decreases 
the difficulty of the successive discrimination problem. Performance was 
highest on Problem 3, intermediate on Problem 2, and lowest on Problem 
1, the standard successive problem. However, only the difference between 
Problems 1 and 3 was statistically significant. Similar results were ob- 
tained by Croll (Exp. IT, 1967) in an experiment involving three-position 
oddity discrimination problems that differed as to the number of non- 
spatial dimensions on which the rewarded stimulus was odd. In Problem 
3 the odd stimulus in each setting differed from the other two stimuli 
on three nonspatial dimensions. The odd stimulus in each setting in 
Problem 2 was odd with respect to two dimensions. In Problem 1, the 
| standard oddity problem, the odd stimulus in each setting was odd with 
respect to only one dimension. Croll found that an increase in the number 
9f nonspatial dimensions, on which the odd stimulus was odd, decreased 
the difficulty of the oddity problem, although only the difference be- 
tween Problems 3 and 1 was statistically significant. 

The finding that the Ss given the standard successive problem per- 
formed near the chance level throughout training was surprising ш view 
of the relatively large number of trials administered. The remarkable 
difficulty for children of the standard successive problem, when the 
settings are presented in a random order and S is required to respond 
directly to the stimulus source, has been demonstrated in experiments 
by Lipsitt (Exp. II, 1961), Spiker and Lubker (1965), and Lubker (Exp. 
1, 1967). The results of these experiments were inconsistent with respect 
to the solvability of the successive problem by children, which is prob- 
ably due to differences in the age of the Ss and the number of training 
trials given. The successive problem was so difficult for the kindergarten 
and first-grade children in the Lubker experiment that they failed to 
show appreciable learning in 72 trials. Even the fourth-grade children 
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in Lipsitt/s experiment did not depart from chance performance through- 
out training on the successive problem; however, only 36 trials were 
given. Spiker and Lubker, on the other hand, observed consistent im- 
provement in performance on the successive problem, even for those 
third- and fourth-grade ehildren who failed to reach a criterion of seven 
out of eight correct responses within 56 trials. 
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Effects of Redundancy on Information-Reduction Tasks" 


IOANNIS PARASKEVOPOULOS 
University of Illinois 


Thirty elementary. school children sorted dot patterns that were either 
asymmetrical or symmetrical about (a) a vertical axis, (b) a horizontal 
(е) both, Asymmetrical patterns were sorted faster and with fewer 
errors than the symmetrical patterns (р < 001). Stimulus redundancy inter- 
fered with rapid visual diserimination presumably by reducing stimulus 
uniquencss and distinctness, When the complexity of the input was sufficient 
to force (he Ss to reduce the stimulus to distinctive parts, the retarding 
effects of redundancy on discrimination were in direct relation to the amount 
of redundancy and independent of the Ss’ chronological age. 


Posner (1965) proposed a taxonomy of psychological tasks based upon 
the relation between input and output information required for perfect 
performance on the task. This taxonomy consists of three types of tasks: 
(a) Information-conservation tasks in which the S is required to pre- 
serve all of the input information in his response and any increase or 
decrease in information during transmission represents error; (b) infor- 
mation-addition tasks which involve information creation, so that the 
output information must exceed the input if the S is to perform the task; 
and (c) information-reduction tasks which require the S to produce 
à subset of the stimulus input. The loss of information does not represent 
error, but rather is necessary to produce the required output. —. 
Paraskevopoulos (1967, in press) found that, in information-conser- 
Vation tasks, performance is a function of the amount and the form 
of stimulus redundancy as well as the Ss’ chronological age and in- 
telligence. The present study investigated the effects of stimulus re- 
dundancy on information reduction tasks. 


METHOD 


Stimuli. The stimuli consisted of eight-dot patterns embedded 3 
matrices. The procedure described by Attneave (1955) was adopted to 


"The report is based upon a dissertation submitted прага P iuge e 
requirements for doctoral degree at the University of Illinois. s S id 
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generate the patterns. The dots were arranged in the following four 
variations: (a) Asymmetry. The position of each dot was independent 
of the position of any other dot in the pattern (Fig. 1а); (b) Bilateral 
Symmetry. Only the dots in the left half portion of thc pattern were 
determined independently. The right half portion of the pattern was a 


(с). Horizontal Sym. (d).Double Symmetry 
Fic. 1. Sample of dot patterns for asymmetry, bilateral, horizontal, and double 
symmetry. 


mirror image of the left half (Fig. 1b); (e) Horizontal Symmetry. The 
bilateral patterns were turned 90?. The direction of turn was randomly 


deck to be sorted. 


Apparatus, Seven rectangular boxes, one for each model card, were put 
together side by side. Above these boxes a panel was installed to hold 
the cardboard with the model cards. A photograph of the apparatus, 
as viewed by the S, is shown in Fig. 2. 
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& Procedure. lich S was tested individually. Sitting in front of the 


deck of cards. To counterbalance carryovers of fatigue, practice or bore- 


apparatus, the S was presented with the model panel and corresponding 
dom effects, cach S was presented with a different permutation of the 
four modes 
The examiner instrueted the S to sort the cards by matching them 
with the model cards as quickly as possible. Following any questions 
, by the S, the instructions for speed and accuracy were reemphasized. 
For each S, the time for sorting and the errors in matching were re- 
corded for each mode. 


Fic. 2. Testing apparatus. 


by multivariate 
ize the variance 
error scores 


Statistical analysis. Time and errors were analyzed 
alysis of variance with repeated measures. To stabil 
the time scores were replaced by their reciprocals and the { 
E their square roots (Edwards, 1963). The nature of the differences 
Was explored by means of discriminant analysis (Jones, 1960). 


| EXPERIMENT I 
Subjects. Twenty-four children attending upper el 
Served as Ss. E 
Results. The mean time and error scores are presented in DE A ү 
Variance and covariance matrices for the transformed Ses л n 
Mean squares and cross-products matrices are given 1m Ta | 4 E ot 
The differences between the centroids of the four modes was М a ы, d 
Significant (Е, лое = 330.29; р < .001). To explore the source o 
difference, discriminant analysis was performed. 


lementary grades 
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Fic. 3. Mean time and error scores of the four modes for upper elementary 
grades and kindergarten children 


TABLE 1 
VARIANCE AND Covariance MATRICES or Tre AND Error Scores’ 
Upper elementary grades Kindergarten 
Mode Time Errors Time Errors 
Double .3437 .1062 
— .3053 88.9711 —.9554 20.6654 
Bilateral 1999 .2364 
.1612 70.2260 —1.0911 12.8869 
Horizontal .2128 -0877 
— .0499 79.8115 — 1.5824 60.9876 
Asymmetrical -3071 .1529 


5 


1.0597 28.6244 —.7525 9.7684 
а АП numbers have been multiplied by 100, 
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d TABLE 2 
MEAN Зо! RES AND Cross-Propucts MATRICES or TIME AND ERROR ScORES® 
Variables Upper elementary grades ایو‎ Kindergarten 
Subjects Subjects 
Time 6213 ndf . 6360 ndf 
Errors 1.4620 170.1207 23 —5.3420 68.1553 5 
Modes Modes $ 
Time 2.9016 ndf .2929 пај > 
Errors 33.7038 595.8721 3 —2.0710 16.8222 35 
Error term Error term dis 
Time 1628 ndf .0213 ndf 
Errors 3185 36.3828 69 .0281 19.0049 15' 
* Mean squares and eross-produets values have been multiplied by 100. 


The first diseriminant function accounted for 93% of the variance. 
Each vari:ıble accounted for equal portions of the discriminatory power 
of the function; time accounted for 51% and errors for 49%. This 
discriminant function was Vu = .0642 (Errors) —.09979 (Time). Р 

Large scores оп a discriminant function indicate that performance is 
relatively high on variables with positive coefficients and relatively low 
on variables with the negative coefficients. Inversely, small discriminant 
scores indicate that performance is relatively low on variables with 
positive coefficients and high on variables with negative coefficients. The 
time scores, however, were transformed by reciprocal transformation; 

* thus, small transformed scores signify large scores in the original scale. 
Therefore, large scores on the obtained discriminant function indicate 
both large Time and Error scores; inversely, small discriminant scores 
indicate both small Time and Errors scores. 

Figure 4 presents the order of the mean discriminant scores for the 


ASYM: Double Horlz. 


Bilat. 
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Asym. Horiz. Double 
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: 
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Fic. 4, Mean discriminant scores of the four modes for upper elementary epa 
and kindergarten children. 
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four modes. The largest mean discriminant score was for bilateral а 
horizontal symmetry; the smallest was for asymmetry. These re 
suggest that the time spent, and the errors made sorting the asymmetric 
patterns were the smallest of the four modes, The longest time spent а 
the most errors made were in sorting the bilateral and horizontal pattern 


Discussion. The results suggest that, unlike with memory tasks 
(Paraskevopoulos, in press), symmetry retards performance on dis- 
crimination. Similar retarding effects of the stimulus redundancy we 
observed in experimental situations involving reaetion time with vis 


stimuli (Gregg, 1954) and recognition of visual forms and word ist 
(Anderson and Leonard, 1958; Dale and Baddeley, 1962; Deesv, 1956) 
Discrimination probably requires the selection of but few uniq 
characteristics of each stimulus (information-reduction task) which 
liably differentiate one pattern from the others. This sampling strate 
has been observed in several experimental situations (Forsinan, 1 
Munsinger, 1965). The more irregular a stimulus is, the more uniq 
characteristics it presents for selection. Randomness provides more an 
easier discriminable combinations of details and, thus, permits the 8 
to reduce the amount of information he must process before he can 
respond correctly. Symmetry, with the constraints it introduces, limits 
the degrees of freedom for pattern variations, thus increasing the simi- 
larity and subsequent confusability. Therefore, the retarding effects 
of redundancy on discrimination can be attributed to the differences 
in homogeneity between symmetrical and asymmetrical patterns, The 3 
nondifferential performance on bilateral and horizontal symmetry bears 
out the notion of within-mode pattern homogeneity. The bilateral and 


patterns being the most redundant, would be the most difficult to sort ` 


was harder to diseri 


terms of these parts. But, in 


classifying the double symmetry, they *worked" with the whole pattern. 
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! Tt seems that the present complexity was not sufficient to force the 


subjeets to encode only parts while soring double symmetry. The in- 
formation load of the double symmetry with 8 dots was far below the 
subjects’ capacity. In another experiment Paraskevopoulos (1967) found 
that the mean errors in recall for these patterns was negligible. To test 
the hypothesis of light information load two alternatives were offered: 
(a) To construct more complex double symmetry patterns (probably 
» 16-dot patterns) and to administer them to the same subjects; or (b) 
to use the stimuli of the present study with younger children. The second 


alternative was followed and carried out in Experiment II. 


EXPERIMENT II 
Subjects. Six 5-year-old children served as Ss. In a recall experiment 


(Paraskevopoulos, in press) it was found that kindergarten children 
made substantial number of errors in reproducing from memory 6-dot 
patterns and that the mean error differences among the four modes were 


, statistically different. It was, therefore, assumed that the load of the 
| 8-dot patterns was far beyond the capacity of kindergarten children. 
Resulis. The mean error and time scores are presented in Fig. 3. The 


variance and covariance matrices and the mean squares and cross- 
products matrices are presented in Tables 1 and 2. The differences be- 
tween the centroids of the four modes were statistically significant 


(Fes = 20.18; p < .001). 

. Diseriminant analysis yielded the function Vk — .0094 (Errors) + 
1.000 (Time) accounting for 99% of the variance. The mean discriminant 
scores for the four modes are presented on Fig. 3. The smallest mean 
diseriminant score was, as in the case of the upper elementary school 
children, for asymmetrical patterns indicating that the least time and 
fewest errors were made in sorting asymmetrical patterns. The mean 
discriminant score for double symmetry was the largest indicating that 
the time spent and errors made in sorting the double symmetry patterns 
Were the largest of all modes. Bilateral and horizontal patterns were of 

^ intermediate difficulty. The findings suggested that whenever the com- 
plexity of the input is sufficient to allow Ss to decode only parts of the 
input, the retarding effect of redundancy on discrimination is directly 
related to the amount of redundancy. 

Consistently in Experiments I and II and 5 
kevopoulos, 1967) with 8-year-olds it was found that symmetrical 
patterns were more difficult to sort than asymmetrical patterns. This 
findings suggests that the retarding effects of redundancy on wie Be 
formance of information reduction tasks is independent of the Ss 
chronological age. 


in a pilot study (Paras- 


202 IOANNIS PARASKEVOPOULOS 


REFERENCES 


ANDERSON, №. S, AND LEONARD, J. A. The recognition, naming, and reconstruction 
of visual figures as a function of contour redundancy. Journal of Experimental 
Psychology, 1958, 56, 262-270. 

ArrNEAVE, F. Symmetry, information, and memory for patterns. Атегісин Journal 
of Psychology, 1955, 68, 209-222. 

Date, Н. C. A, лхо BappELEY, A. D. Alternatives in testing recognition memory. 
Nature Lond., 1962, 196, 93-97. 

Drese, J. Complexity of contour in the recognition of visual form. USAI WADC 
TR 56-60, February, 1956. idi 

Epwarps, A. L, Experimental design in psychological research. New York: Holt, 1963. 


Forsman, К. С. Age differences іп the effects of stimulus complexity and gre- 
dundancy on pattern discrimination in a visual search task, Unpublished 
doctoral dissertation, University of Illinois, 1966. 

Greco, L. W. The effect of stimulus complexity on discriminative responses. 
Journal of Experimental Psychology, 1954, 48, 289-297. 

JONES, L. V. Some illustrations of psychological experiments designed {or multi- 
variate statistical analysis. The Psychometric Laboratory, University of North 
Carolina, Chapel Hill, N. C., 1960. 

MuwsiNGER, Н. Tachistoscopic recognition of stimulus Variability, Journal. of 
Ezperimental Child Psychology, 1965, 2, 186-191. 4 

PanaskEvoPoULos, I. N. Symmetry: its effects on. recall, preference and discrimi- 


nation of visual pattern in relation to age and intelligence. Unpublished 
doctoral dissertation. University of Illinois, 1967. 
PARASKEVOPOULOS, I. №. Symmetry, recall and preference in relation > chrono- 
logical age. Journal of Experimental Child Psychology, 1968, 6, 258-261. 
Posner, M. I. Memory and thought in human intellectual performance, British 
Journal of Psychology, 1965, 56, 197-215. 


JOURNAL OF EXPERIMENTAL CHILD PSYCHOLOGY 7, 203-219 (1969) 


Modification of the Classroom Behavior of 
a Disadvantaged Kindergarten Boy by 
Social Reinforcement and Isolation? 


SALLY A. SIBLEY,® MARTHA S. ABBOTT, AND Berry P. COOPER 
Duke University 


inforeement techniques were employed to decrease the disruptive, 
and assaultive behaviors and to increase the appropriate social 


interaction of a white, economically disadvantaged, kindergarten boy. The 
treatment program involved presentation of teacher attention contingent 
upon "desirable" classroom behavior, withholding of attention contingent 
upon “inappropriate” behavior, and social isolation contingent upon 
"unacceptable" behavior, 


The subject's behavior was classified according to the Coping Analysis 


Sche« for Educational Settings (CASES) (Spaulding, 1967), and the 
teacher's interactions with the subject were categorized according to their 
content. The subject’s behavior and the teacher's interactions with him were 
recorded simultaneously on an event recorder by an observer who had 
attained high reliability. 


The baseline data supported the teacher's contention that the subject was 
a behavioral problem, particularly in a strictly structured situation, The 


program was carried out daily in the activities of free-play, discussion, Bnd 
rest. Some progress was made under the original program, but the E | 
inappropriate behaviors were further decreased when they were punishe 


tinction of the treatment program 


vith isolati i ed. Ex Я 
(with isolation) rather than ignor АДЕ ТАМЫ 


(e. decreased positive and neutral interactions contingent upo: i 
behavior and withdrawal of isolation as an ultimate contingency) was intro- 
duced to demonstrate that the teacher’s interaction was indeed a major 
controlling variable. After the successful extinction, the treatment a 
reinstated with favorable results. Although this description 1s оо 
the over-all treatment and its effects in general, there were differences in the 
program and in its effects in the various activities. T 
i Time nE were made several weeks after the termination of the 


intainin, tment 
official study that indicated that the teacher was шаш! E 5 sd p? 
as an integral part of the child's environment and that he 


sponding favorably. 


‘Supported by the Education Improvement Program (Ford Foundation), 
Durham, North Carolina. : 
"Research Training Fellow with the Duke University on Jd fcm tnt 
Aging and Human Development (Grant 5T01HD00164 from the 
9f Health and Human Development). 
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In recent years, interest has inereased in the application oí operant 
conditioning theory and techniques to the behavior problems o! children. 
Reinforcement theory and the area of behavior therapy or modification 


| 
focus on understanding a child's behavior as a function of the present | 
environmental consequences of his behavior and the child's past inter- | 
actions with his environment. Ullman and Krasner (1965) presented а | 
series of case studies in this area, the majority of which focused upon 


deviant behaviors in children and schizophrenic adults, Staats (1964) has 
compiled a number of studies that extend conditioning principles to com- | 
plex human behavior, mainly verbal behavior, communication, and 
social learning. 

Most demonstrations of operant techniques with human behavior have 
been in laboratory situations. However, several studies thut illustrate 
the application of reinforcement principles to nursery and kindergarten 
children in classroom situations have been conducted. Harris et al. 


(1964) carried out a study using positive social reinforcement (о substi- 
tute well-developed walking behavior for the regressed crawling of a 3- 
year-old girl. Teachers have used positive social reinforcement (adult 
attention) to help a child showing persistent and marked isolat behavior 


to achieve and maintain more play relationships with peers (Allen et aL, 
1964). Another investigation was undertaken by Johnston et «/., (1966) 
employing a planned schedule of positive social reinforcement to promote 
vigorous physical activity of an inactive, uncoordinated 3-year-old boy. 
Brison (1966) used the technique of social extinetion of nonverbal com- 
munication to encourage a kindergarten child to talk. Finally, Staats 
(1964) reported on a study comparing token reinforcement, social rein- 
forcement, and no reinforcement of reading behavior of 4-year-old 
children. The results showed that. when reading was reinforced, atten- 
tional and work habits were strong and new words were learned rapidly, 
whereas both types of behavior deteriorated when reinforcement was not 
forthcoming. Thus, this research indicated that reinforcement principles 
provide effective and desirable means for increasing desirable classroom 
behavior of children. 

The present investigation was undertaken to determine whether a pro- 
gram of positive social reinforcement of desirable behavior and punish- 
ment could discourage the disruptive and resistant behavior of a 5-year- 
old economically deprived boy. The kindergarten teacher used systematic | 
presentation and withholding of her attention, as well as selective social | 
isolation, to encourage a decrease in the child's aggressive, negative at- | 
tention-getting, and resisting behaviors and an increase in his social, 4 
cooperative, and conforming behaviors. A. secondary goal was to explore 
the applicability of a comprehensive behavior classification system in а | 


| 
| 


MODIFICATION OF CLASSROOM BEHAVIOR 205 


behavior-modification study. A third goal was to explore the possibilities 
of closely observing and recording teacher behavior in interaction with 
the subject and of employing these observations as a feedback to the 
teacher of the effect of her actions. 


METHOD 
Subject 

“Bobby” was one of 12 children from low socioeconomic families en- 
rolled in « kindergarten class. “Bobby,” a white child in a class composed 
of an equal number of white and Negro children, was 514 years of age at 
the start of the study. 

When “Bobby” entered kindergarten, he was described by his teachers 
as a bright, alert, verbally skilled, and physically well-coordinated child. 
After refusing several times to enter the testing situation, “Bobby” did 
cooperate with the psychometrist during the experimental phase of this 
study. On the Peabody Picture Vocabulary Test he achieved an IQ of 
105, on te Columbia Mental Maturities Test, 104, and on the Stanford- 
Binet, 103. placing him well within the average range. e 

The teachers requested a special study using behavior modification 
techniques after more traditional techniques had proved ineffective with 


“Bobby's” disruptive and resistant behavior. Quite frequently DOE 
move away from the kindergarten group and proceed to disrupt wo 
going activity. To a disturbing degree, “Bobby” was physinally. and 
verbally assaultive toward the other children. On several occasions, 
“Bobby” had sudden and “uncontrollable” outbursts. He resisted e 
teacher's attempts to calm him, whined and cried, "Leave me am a 

threatened, “My daddy will come beat you up.” The social pag A 
history was obtained and led to the picture of a young boy p. d sare ee 

undisciplined by his mother and physically overwhelmed by his father. 


Behavioral Categorization and Recording 

The scale employed to analyze “Bobby's” behavioral na Es E 
Coping Analysis Schedule for Educational Settings cee) ; te ee 
by Spaulding (1967). The scale consists of 13 basic i ai [ет 
were further classified for the purpose of ms Re vnm p 
propriate, and unacceptable behavior, as presented z SÉ ibi t and 

One observer was responsible for the recording of the a is Mines 
teacher behavior throughout the study. This observer E us m 
sifications with that of four other trained observers еже * Шр 
time-sampling checks conducted across the diff чо ee category) 
ment, The percentages of exact agreement кеен 
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the observer obtained with the four other observers ranged from 70% to " 
92%. The percentage of larger category agreement (i.e. desirable, inap- 
propriate, unacceptable) ranged from 86% to 100%. There is, therefore, 
ample evidence that the system of behavioral classification employed in 
this study does have meaning and reliability, after training, beyond the 
lone observer. 


TABLE 1 
MopiriEp COPING ANALYSIS SCHEDULE FOR EDUCATIONAL SETTINGS (CASES) 


DESIRABLE (D) 
` 5a Self-Directed Activity—working independently on an activity or project with 
interest 
6 Paying Rapt Attention—listening and attending with interest to ihe ongoing 
activity 
; Ta Sharing and Helping— contributing ideas and interests, volunteering answers, and 
helping others 
‚ 8a Social Interaction—mutual interaction through conversation, games, and joint 
projects 
. 9 Seeking Support, Assistance, and Information—asking for help, sympathy, and 
attention from teacher or peers 
10 Following Instructions Passively—conforming to expectations without gront interest 


INAPPROPRIATE (I) 
| 5b Self-Directed Activity—5a., but at an inappropriate time 
_ Tb Sharing and Helping—7a., but at an inappropriate time 
‚ 8b Social Interaction—8a., but at an inappropriate time 
11 Observing Passively—being distracted from ongoing activity 
12. Responding to Internal Stimuli—no observable interaction with environment 


UNACCEPTABLE (U) 


1 Assaultive Behavior—direct verbal or physical attacks or destruction of property 

2 Negative (Inappropriate) Attention-Secking Behavior—loud or annoying disruptive 
behavior which seems to be directed toward obtaining the attention of others 
through unacceptable behavior 

3 Manipulating and Directing Others—bossing others 

4 Resisting Authority—actively or passively refusing to comply with teacher's 
expectations or requests 

` 13 Flight—leaving the authorized limits of travel 


* Spaulding, Robert L. An introduction to the use of the coping analysis schedule for 
educational settings (CASES). © 1967. 


As presented in Table 2, the teacher’s interactions with the pupil were 
classified according to their explicit content. As with the categorization 
of the subject’s behavior, reliability checks of the teacher interaction 
were carried out with an independent observer. No attempt was made to 
calculate agreement on the onset and cessation of an interaction. Rather, 
the two obseryers agreed that an interaction was ongoing and independ- 
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ently rated the character of the interaction as positive, negative, neutral, 
or re-directing. Two comparisons were made, each consisting of 40 inter- 
aetions, between this experiment's observer and one other observer. The 
first reliability check yielded an exact agreement percentage of 92.11% 
and the second, obtained during a different experimental condition, 
yielded an exact agreement percentage of 92.50%. Although the sample 
of reliability computations is small, the high agreement does indicate 
that this descriptive division of teacher/pupil interaction has meaning 
beyond the single observer. 


TABLE 2 
CLASSIFICATION OF TEACHER INTERACTIONS 


Neutral: Conversation or relevant proximity without a connotation of explicit approval 
or disapproval 

Positive: Verbal or nonverbal communication with explicit approval 

Negative: Verbal or nonverbal communication with explicit disapproval or displeasure 

E  — о 0 иы с 


All data were recorded on an event recorder and analyzed to show 
total time in each category, total frequency in each category, and per- 
centage of time in each category during the activity. The total time and 
percentages were also computed for the more molar classifications of 
desirable, inappropriate, and unacceptable behavior. The teacher inter- 
actions were charted according to the type and length of interaction and 
“Bobby’s” behavioral change during the interaction. 


Procedure 


Baseline. *Bobby's" behavior was recorded using the Coping Analysis 
Schedule for Educational Settings in order to ascertain the baseline 
character of his behavior. The reinforcing teacher's interactions were 
recorded simultaneously with “Bobby’s” behavior. At first, data were 
taken during all of the kindergarten activities and then three activities 
were chosen for observation and intervention. Freeplay (80 minutes), 
discussion (10 minutes), and rest (5 minutes) were the activities selected 
due to the extent and variability of “Bobby's” undesirable behavior 
during these activities and the constancy of length of time from day to 
day. 

After observation of “Bobby’s 
teacher during the baseline period, sı c ape us 
teacher was ахау reinforeing, and thus maintaining Bobby's 
negative and aggressive behavior, by her attention, although rome 
This disapproval was too mild to serve as punishment, and о qu | 
punishing consequences followed the teacher's threats, 50 аб se 
disapproval had not acquired conditioned punishment properties. 


» behavior in interaction with the 
everal hypotheses were made. The 
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subject was receiving peer social reinforcement for his aggressive and 
disruptive behavior. It was also hypothesized that isolation from peer 
and teacher attention would be punishing to *Bobby." 

Social reinforcement—Treatment I. The social (potential) reinforce- 
ment was presented on a variable-ratio schedule, the exact values of 
which were not calculated, to give *Bobby" maximum possible adult 
attention contingent upon desirable behavior and minimum attention 
contingent upon inappropriate or unacceptable behavior, as defined in 
Table 1. The reinforcement schedule was carried out systematically by 
only one of the three teachers in the classroom, and an effort was made 
to hold all other variables constant throughout the study. Thus, the rein- 
foreing teacher gave positive social attention to *Bobby" for desirable 
behavior, ignored all inappropriate behavior, and ignored unacceptable 
behavior unless it was intolerable, at which time the subject was given 
a short, negative, verbal threat of isolation. If he did not stop his unac- 
ceptable behavior within 5 to 10 seconds after a warning, “Bobby” was 
put in isolation for 5 minutes. 

The isolation condition meant that he sat by himself in an enclosed 
cubicle in a room adjoining the kindergarten. “Bobby” was initially 
warned that if he were unable to sit there quietly by himself (the teacher 
returned to the classroom immediately), he would go to the prineipal's 
office to sit for 10 minutes. If “Bobby” continued his unacceptable be- 
havior, the principal was to inform the teacher and then “Bobby” would 
be taken home. He was not informed of this final ultimatum because it 
was hypothesized that he might prefer to go home and, therefore, mis- 
behave. It never was necessary to take him home. The purpose of the 
teacher's warning and isolation procedure was to develop teacher verbal 
disapproval as conditioned punishment. 

During the study, the contingencies of social reinforcement were 
slightly altered, producing Treatment I and Treatment II. The first 
treatment consisted of ignoring all inappropriate behavior and ignoring 
all unacceptable behavior unless it was intolerable. “Bobby” emitted 
very little unacceptable behavior, but slightly increased his inappropri- 
ate behavior under this program. It was hypothesized that variables 
other than teacher attention were maintaining the inappropriate be- 
havior that led to the initiation of Treatment II. 

Social reinforcement—Treatment IT. The reinforcing teacher continued 
to give positive social attention to “Bobby” for desirable behavior, but 
ignored inappropriate behavior only until it became disruptive to the 
group. Then he was given a verbal warning, followed by isolation if he 
did not behave within the desired limit. The second phase of treatment 
involved, therefore, less stringent requirements for punishment so that 
the teacher was, in effect, less tolerant. 
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Extinction. This stage was a brief period in which the reinforcing 
teacher attempted to return to baseline conditions, as nearly as possible, 
by interacting with “Bobby” with disapproval when he was exhibiting 
inappropriate and unacceptable behavior, but giving no verbal warnings 
and no periods of isolation. She decreased her positive and neutral inter- 
actions with the subject. 

In general, the return to the baseline pattern of interactions was ex- 
tinction or withdrawal of the reinforcement and punishment contin- 
gencies of the treatment program. This procedure was considered neces- 
sary to ascertain whether the teacher’s attention and isolation from 
attention were the significant independent variables. The hypothesis was 
that if the teacher were the controlling variable, “Bobby’s” behavior 
would become more undesirable and inappropriate during the extinction 
condition «s compared to the treatment conditions. 

Reintroduction of social reinforcement. During this stage, the teacher 
returned to the reinforcement schedule of Treatment II. The reinforee- 
ment schedule was gradually shifted from continuous to more intermit- 
tent until “Bobby” finally received adult attention in an amount normal 
for the group. After the completion of the study, data were taken on two 
days to check on the maintenance of the behavioral modification. An in- 
formal attempt was made to generalize the treatment to the two other 
teachers who were interacting with “Bobby.” К 

Changes from one stage to the next condition were instituted according 
to a preset criterion of two consecutive days in which “Bobby's” percent- 
age of desirable, inappropriate, and unacceptable behavior fell within the 
range of the preceding percentages of that behavior in each of Шы three 
aetivities. Because instability of behavior was one of “Bobby's prime 
characteristics prior to the study, а criterion of stable behavior on con- 
secutive days was held to be untenable during the baseline. The preset 
stability eriterion was not enforced during the extinction condition be- 
cause the trend was obviously accelerated in the expected direction and 
the resumed disturbance to the class motivated the teachers to strongly 


advoeate resumption of the treatment. 
RESULTS 


Interaction Analysis M . 

In a study of this kind, the dependent variable is the child s reperi 
ànd the independent variable is the teacher's behavior. In most inv е 
tions, the teacher's (or the therapist's) behavior is only described rati ч 
than tracked as closely and objectively as the subject s. In the Joa 
study, records of the teacher's behavior in interaction with the que 
Were maintained and employed as а feedback mechanism to inform the 


r reseri 8. 
teacher of her suecess in carrying out the prescribed procedure 
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'The matrices in Table 3 represent the analysis of the teacher's inter- 
actions with the subject. All three activities have been combined. As 
indieated in the final column of Table 3, the teacher averaged nine inter- 
actions daily with the subject during Baseline. The column sums show 
that during Baseline, the teacher made an almost equal mean number of 
responses to the subject’s inappropriate and unacceptable behavior com- 
bined as she did to his desirable behavior. The row sums indicate that 
the teacher emitted more negative interactions than she did neutral and 


TABLE 3 
MEAN DAILY FREQUENCY OF INTERACTIONS AND INTERACTION CONTINGENCIES 
BY EXPERIMENTAL CONDITIONS 


Inappro- Unac- 23 
Desirable priate ceptable ^ Total Total X 


BASELINE Neutral 2 2 
Positive 2 2 
Negative 1 1 3 5 

Total 5 1 3 9 
"TREATMENT Neutral 15 1 1 17 
Positive 5 5 
Negative 1 1 2 

Тоїа1 20 2 2 24 
EXTINCTION Neutral 3 1 4 
Positive 1 1 
Negative 2 2 

Total 4 3 7 
REINTRODUC- Neutral 18 1 19 
тох Positive 5 5 
Negative 1 2 3 

Total 23 1 3 27 


positive ones combined. The interior matrix illustrates that negative 
interactions, were primarily contingent upon unacceptable behavior, 
whereas neutral and positive interactions were entirely contingent upon 
desirable behavior, as would be expected. The mean of one negative 
interaction contingent upon desirable behavior typically involved in- 
cidents in which the teacher responded to an undesirable behavior which 
had ceased by the time she mentioned it so that the subject had changed 
to a desirable behavior. 

During Treatments I and II, the teacher increased her total mean 
interactions to 24. She responded to desirable behavior more than to 
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inappropriate and unacceptable behavior by a factor of 5, as compared to 
the equality of Baseline. Neutral and positive interactions were more fre- 
quent than negative by а factor of 11, whereas there were more of the 
latter in Baseline. The contingencies within the matrix are as expected, 
except that some neutral interactions were emitted contingent upon un- 
desirable behaviors. However, the negative interactions contingent, upon 
desirable behavior were eliminated. 

Extinction, or withdrawal of treatment contingencies, consisted of an 
almost exact return to Baseline with regard to responses to desirable be- 
havior as compared to inappropriate and unacceptable behavior. On the 
other hand, the teacher did not return to the high proportion of negative 
interactions. Extinction was in essence a decrease in neutral and positive 
interactions and the withdrawal of isolation as a consequence. 

Reintroduction of the treatment program after extinction closely 
matched the interactions during Treatments I and 1. The total mean 
frequency of interactions was higher but the proportions were similar. 
There were higher frequencies of interaction with desirable and unac- 
ceptable behavior than in Treatments I and П. н 

In general, the matrices show that mean frequency of teacher/pupil 
interactions was greater in Treatment and Reintroduction as compared 
to Baseline and Extinetion, These differences consisted primarily of in- 
creases in neutral and positive interactions contingent on desirable 
behavior. 


Overview of Modification 


The analysis of the subject’s behavior throughout the study indicates 
a definite increase of desirable and decrease of inappropriate and unac- 


ceptable behavior as a result of the experimental treatment. Hypotheti- 
cally, if the teacher’s behavior in interaction with the subject were а 
major controlling variable, a specific trend in “Bobby's” behavior should 
be evident across the five experimental conditions. The desirable be- 
havior of the subject should increase from Baseline through ‘Treatments 
I and II, decrease toward the baseline level during Extinction, and in- 
crease again during Reintroduction. s m^. 7 
Ап wane of Us data is presented in Fig. 1. Days in which isolation 
occurred are omitted from this analysis. During Baseline, the subjeet 
emitted a greater percentage of desirable behavior in freeplay ан іп 
discussion and rest, activities with more limiting restrictions and — 
tations. During Treatment I, there were increases In all cade ities 
with the greatest gain manifested during rest, During face bon 
volving punishment of inappropriate as well as unaccepta е beha be 
there were further increases in desirable behavior in all activities, 
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tinction had differential effects within the three activities in that there « 
were more noticeable decreases in desirable behavior during discussion 
and rest than in freeplay. Although Extinction did not result in a return 
to the baseline level, the trend is definite and in the expected direction. 
During Reintroduction, both discussion and rest show the expected in- 
crease in desirable behavior. More detailed consideration of the data in 
each activity follows. 
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CONDITION 
Fic. 1. Percentage of desirable behavior by activity and experimental condition. 


Normative data from classes in the Education Improvement Program 
(EIP) on CASES are available in great detail. As compared to all boys 
in his own class, *Bobby's" desirable behavior was closest to the norm in 
all activities during Treatment II and Reintroduction. To compare with 
Fig. 1, the normative desirable behavior percentage for the boys in the 
class was 98% for freeplay, 92% for discussion, and 91% for rest, 
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Freeplay 


“Bobby's” behavior was not a major problem during freeplay, even 
"during Baseline, as compared to the other activities. Desirable behavior 
did increase as a function of the experimental treatment, although not as 
strikingly as in the other activities. There was no isolation during free- 
play until Reintroduction; however, this fact does not exclude isolation 
‘as a factor since the same teacher was isolating the subject at other 
‘times. During Extinction, the subject did not completely revert to Base- 
line behavior, although there is some indication that his behavior was 
changing in the expected directions. During Reintroduction in freeplay, 
‘one of the more uncontrollable exceptions in the data occurred. The 
subject was involved in an unfortunate incident with a Negro adult 
that resulted in his self-imposed absence from school for one day. After 
this incident, racial name-calling (a major problem with him from the 
Start) accounts for the sustained unacceptable behavior during 
eintrodiction. 
Tn frevplay activity, it is interesting to note the change in “Bobby's” 
social behavior within the desirable category. During Baseline, 54% of 
his desirable behavior was self-directed activity (Category 5) and 42% 
Was socinl interaction (Categories 7 and 8). It was hoped that desirable 
social behavior could be encouraged without sacrificing “Bobby's” self- 
directed behavior. In the social reinforcement conditions, the subjects 
‘self-directed behavior decreased to 46%, whereas social interaction їп- 
creased to 50%. In Extinction, both of these desirable behaviors are 
‘about 47%. During Reintroduction, “Bobby's” social interaction ош 
became the larger percentage with self-directed activity 43% and socia 
interaetion 5596, as in social reinforcement conditions. ; 
“Bobby's” behavioral change within the unacceptable category during 
freeplay is also interesting to analyze. In looking at his total Mer, 
able behavior in Baseline, 51% was aggressive behavior (Category ta 
“and 25% was “bossy” manipulation of others (Category 3). pune i 
` two treatments, 73% of his unacceptable behavior was pony B 
lation and only 4% was aggressive. During Extinction, Беру 4 E 
gressive behavior was again higher (3876) than "bossy E nn ся 
(2196), thus paralleling Baseline. This fact is о did ac В 
that it provides evidence that, although total desirable be am De: 
strikingly decrease during Extinction, more extreme unaccepta» © d 
havior did increase. In Reintroduction, both aggressive CH ) n 
bossy-manipulative (38%) behaviors were Bo , whic 
was perhaps related to the aggressive incident outside Eon Шы 
Approximately 2 weeks after the final day of Rein em vm 27 
Were taken during all three class activities to provide a partial ¢ 
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maintenance of the treatment situation and “Bobby’s” behavior, In sum- 
mary, tho first check revealed that his behavior during freeplay was 99% 
desirable and 196 unacceptable. At the second check, his behavior was 
89% desirable, 1% inappropriate, and 1096 unacceptable. Although the 
latter estimate of unaeceptable behavior is higher than expected, con- 
sidering these two days as a sample of post-experimental behavior, it is 
evident that no gross or consistent reversion had occurred in freeplay. 


Discussion 
“Bobby’s” behavior in discussion was extremely variable during the 
Baseline аз shown in Fig. 2. In Figs. 2 and 3, for those days in which 
isolation occurred, the percentages are based on total time excluding iso- 
lation time. The extent of class disruption by “Bobby” can be evaluated 


by comparing his behavior to the norm for boys (1% unacceptable be- 
havior) in the same kindergarten. In Treatment I, and more strikingly 


dn Treatment II, there was improvement in “Bobby’s” behavior and an 


increase in stability. 

“Bobby” was isolated for the first time on the second day of Treat- 
ment I during discussion. He did not remain in isolation as directed and, 
therefore, was taken to the principal's office and left for 10 minutes. After 
this occurrence, “Bobby” responded to the teacher’s warning and was not 
isolated again during discussion in that treatment. As shown in Figs. 2 
and 3, his behavior in discussion and rest still needed improvement and, 
therefore, the stricter second treatment was introduced. On days 1 and 2, 
"Bobby" was isolated again in line with the more stringent contingencies, 
but did not require being taken to the prineipal’s office. Thus, in Treat- 
ment II, unacceptable behavior decreased strikingly and inappropriate 
behavior became more consistently lower. In Extinction, one notes a 
definite deceleration in “Bobby’s” desirable behavior. Again, in Rein- 
troduction his behavior improved, although somewhat erratically. 4 

In looking at “Bobby’s” unacceptable behavior during discussion, his 
negative attention-getting behavior (Category 2) was ig highest p 
centage throughout the conditions. Quite often, “Bobby умса i | 
bored by the diseussion and would mimie other ehildren, make louc 
noises, or annoy others. 

During the two maintenance checks a 
behavior in discussion was maintained а 
after 2 weeks and 95% after 4 weeks. 


Rest 


"Bobby's" behavior was the most varia 
Baseline condition and at times rose grea 


fter Reintroduction, “Bobby’s” 
+ a high desirable level, 99% 


ble during rest (Fig. 3) in the 
tly above the norm of 5% for 


| 
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unaecepi:ble behavior. With the introduction of the first treatment his 
unacceptable behavior became less extreme, but it was still too high and 
inappropriate behavior did not appear sufficiently affected. When the 
stricter second treatment was applied, his inappropriate behavior de- 
creased over-all when punished, while desirable continued to increase and 
unacceptable to decrease. 

During the two treatments of social reinforcement, “Bobby” was 
isolated {ive times during rest. On the second day of first treatment, 
when he had previously been isolated and sent to the principal’s office 
during discussion, he was isolated again in rest, and he stayed there 
quietly. In the first days after Christmas vacation, “Bobby” was isolated 
twice. Presumably, he was testing the limits again. On the first day of 


the second treatment, he was also isolated and at one other time during 
Treatment II. In Extinction, “Bobby’s” behavior became less desirable 
and the unacceptable increased strikingly. In Reintroduction, his be- 
havior improved rapidly and decisively. It is interesting to note that the 


experimental treatment appears to have been most effective in the situa- 
tion in which “Bobby” was most unpredictable and most extremely a 


problem. n 
In rest during the two maintenance checks, “Bobby” maintained a 


high desirable level, 10096 after two weeks, 91% after 4 weeks. 


DISCUSSION 


URL 
8 


Тһе baseline data supported the teacher's concern about “Bobby 
disruptive, resistant, and aggressive behaviors, They also indicated that 
his behavior was extremely variable and unpredictable. With the intro- 
duction of the first treatment of positive social attention contingent upon 
desirable behavior, ignoring all inappropriate behavior, and ee 
unacceptable behavior, “Bobby’s” behavior showed some improvemen Н 
With the second treatment of giving positive social aen E 
upon desirable behavior and punishing inappropriate and AA ү 
behavior, his behavior stabilized at а satisfactory level. During e 
tinction, “Bobby’s” behavior regressed sufficiently to indicate that the 
reinforcing teacher's attention and isolation pea Ber side Do 
nificant independent variables affecting his behavior, [л CE h ig Т 
lion of experimental Treatment II, the subject's behavior Re Ls 
desirable level. “Bobby” was no longer considered a behavior pro 


by the teachers. | 

The presence of two other teachers m 
complicated the administration of reinforcem 
teacher, The others were at times reticent to interact, 


the kindergarten somewhat 
cement by the experimental 
with “Bobby” or 
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sometimes they would inadvertently contradict the reinforcin: teacher. | 


As a result, subsequent studies have involved collecting dala on all 
teachers present. The method of analyzing teacher interaction: requires 
improvement and consideration of the reliability of frequeney of 
interaction. 


After a survey of literature in this field, this investigation appears to 
be one of the first (Gallagher, 1967) to employ a comprehensive system 


of categorization to measure modifications of behavior. Previously, 
operant studies have discussed a single behavior to be analyzed and 
modified. In the present study, the continuous and all-inclusive teacher 
interactions give a comprehensive picture of the situation. 1n addition, 
few other studies of this nature have attempted to analyze the reinfore- 
ing agent’s actual behavior after a general description of the proposed 


treatment. Such careful observations have been useful as « teacher- 
training device. As a by-product, a systematic technique of «veloping 
verbal disapproval as a conditioned punishing stimulus has been em- 
ployed with other behavior problems. 

The results of this study indicate that the systematie usc of social 
reinforcement techniques in the classroom can Significantly change a 
child’s behavior, even when the target is more comprehensive than a 
single operant. The procedures described offer a clear, objective guide 
for discriminating occasions to present and to withhold positive social 
reinforcement. It is encouraging to note that behavior modification 
techniques are applicable to some of the behavioral problems presented 
by the “disadvantaged” child to increase his learning potential in the 
classroom. 
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Spelling Performance of Left-Handed Schoolchildren as 
Affected by the Use of a Pencil Modified to 
Increase Visual Feedback 


Domoruy Ure! 
Department of Psychology, University of Aberdeen, Scotland 


Educationists have noted that left handedness in certain cases seems to 
constitute a handicap in scholastic performance although reasons [or this 
are not altogether clear. Difficulties in spelling, reading, and writing are 
usually attributed to the inadequate development of cerebral dominance, 
crossed laterality, and so on. It is suggested here that, without iı voking 


such factors, poor spelling for example, may be due to the fact ‘hat the 
left hander, moving from left to right, tends to obscure the word as he 
writes it, thus preventing himself from seeing and developing the >ре or 


gestalt of the word—a most important cue in spelling. The experimental 
pencil was designed to allow this visual feedback, while writing in the 


normal position, and field trials with 44 left handers in appropriately con- 


trolled conditions showed a significant improvement in spelling even in a 
one-test trial. Improvement was due largely to correction of reversals in 
the younger groups, and of random errors of omission in the older groups. 


Left-handed writers frequently adopt compensatory postures in an at- 
tempt to facilitate visual feedback—for example turning the page round 
through almost 90°, then writing from top to bottom instead of from left 
to right—or alternatively curling the fist up and over the line so that the 
word is written from above downwards. Since this reverses or inverts the 
normal push/pull axis of the hand to the body, it seems likely that it 
would foster errors of reversal or inversion, particularly in young children 
who, in the early days of writing, are guided by muscle cues as much as 
by visual analysis. 


In “The Backward Child” Professor Burt says of the left-handed 
child, “His paradoxical task is to produce with the left hand, a style 
of writing evolved for the right,” and this simple mechanical difficulty 
is sometimes the source of a variety of unfortunate consequences for the 
left-handed child. 

Margaret Clark has analyzed a number of these in her book “Left 
Handedness” (1957). For example, the right-handed writer moving from 


' For their kindness and co-operation during the field trials of this pencil, I am 
indebted to the late Miss Gladys Bruce, Miss M. Reid, Mr. W. C. Marwick, 
М.А., and, in particular, to Mr. John M. Wright, M.A. 
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left to right, pulls his pencil after his hand as he writes. The left-hander, 
to move in the same direction, must push his, and in so doing, is liable 
to spike and plough up his page if his pencil is hard and sharp, or, if it 
is soft, sucar what he has just written as his hand passes over it. 

It is singularly unfortunate for the left-handed child in those first few 
months of school life, when attitudes are being formed that may influence 
the rest of his scholastic life, that so many unhappy repercussions are 
liable to attend the fact that his writing is likely to be (a) “dirty” and 
(b) “falling over backwards”—both faults that are frequently denounced 


by a teacher who would not dream of scolding à child who was unable 
to read or count. 

Another unfortunate effect, however, which does not seem to have 
receive! any consideration, is that the left-handed child, unless he is 
a contortionist (which some are) tends to obscure the series of letters 


he is forming as his hand moves over them. In other words, he is deprived 
of the visual eue of seeing the word develop as he writes it. 

That this visual feedback is important to him, can be gauged by the 
expedients the left-hander may resort to in order to facilitate it. (See Fig. 
1 for commonest writing postures adopted by left-handed writers). 

Morcover, the visual gestalt of the total word is one of the most 
important cues in spelling (Schonell, 1945). Most adults, even, have had 
the experience, when doubtful over the spelling of a word, of writing 
down the two alternative versions and studying them, in order to see 


which “looks” right, before being able to decide. 


тЫ. 
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of the writing is fused with, and then gra 


With regard to the left-hander's traditional liability to reversals, it is 
noteworthy that Professor Burt who studied a group of mirror writers, 
found them to be predominantly left-handed, and attributed their 
tendency to reversals, to the fact that their writing was uncontrolled by 
vision but seemed to be guided entirely by kinesthetic or muscle cues. 
He suggests that young children (and also a number of a al 
who are poor performers) are “motor minded” rather than “eye minde 


to begin with, and that a great step forward is taken when visual control 
dually takes over from, the 


the reversals so characteristic 


primitive muscle cues. When this happens, a 
and the way is prepared 


of the writing of young children tend to die out, 
for a great step forward in speed and accuracy. б 

It seems possible that the simple, mechanical fact of being unable 
to see around a corner may account for the unexplained E Е 
of many left-handers, by hindering them from making this vital swite 
to dependence on visual control and analysis. JA 7 

In extreme cases of reading and spelling disability amounting almost 
to dyslexia, it has been noted more than once, that the ability to preserve 
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the order of a sequence is peculiarly weak (Engler, 1917; Laubenthal, ! 
1941; Bender, 1956). A good, inborn ability to maintain a sequence will 
compensate for, and offset, this laek of the visual cue, leaving both 
teacher and pupil unaware of any handicap, but if a child with a rather 
poor short-term memory for letter sequence happens also to be a left- 
hander who obscures each letter of the word as soon as he has laboriously 
formed it, one can see how he would be doubly handicapped thereby, not 
only in the writing of spelling, but also in the learning of it—which is 


most commonly done by writing. In fact his disability would have 
cumulative effects of mislearning and failure. 

The subject of left-handedness, incomplete or mixed laterality and 
cerebral dominance, is, of course, a most complex one, and the interacting 
effects of mechanical, psychological, genetic, and functional factors 
complicate the picture of the left-hander still further. The present ex- 


periment, however, attempts to isolate from this very complex matrix, 
only the simple factor of impaired visual feedback, and it- specific, 
one-trial effects on spelling performance as measured in school. 

The children who performed this test were already categorized as good 
0: bad spellers, with well-established engrams of familiar words already 
in their minds. Obviously, the increase of visual feedback in one test trial 
would be unlikely to have very striking results or to alter established 
misconceptions either. Only over a period of learning could it be hoped 
that the use of the experimental pencil might improve performance 
substantially, and then only in appropriate cases. However, by using large 
numbers, in a closely controlled situation, it was hoped that trends in the 
appropriate direction might at least point the way for a long-term study. 

Figure 1 illustrates the most common postures adopted by left-handed 
writers. It will be noted that the deviations from the normal (right- 
handed) position are designed for, or at least result in, an improved view 
of the word as it is being written. The commonest, Fig. 1а, makes the 
writing somewhat more visible by hooking the arm and wrist above the 
line and writing from above downwards. The word being written is 
revealed to a greater or lesser extent, but it will be noted that the 
subject is, in fact, writing upside down in the sense that the normal push/ 
pull axis of the hand to the body is reversed. 

Tt is worth noting that the adoption of such a manner of writing would 
lay a child more than usually open to mistakes in the form of reversals 
end inversions of letters and word parts. 

The second method, Fig. 1b, sometimes referred to by teachers as 
“Chinese writing,” involves turning the paper sideways and writing from 
above downward towards the body, i.e., from top to bottom, instead of 
from left to right. The visibility of the word being written is thereby 
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(a) 


s adopted by left-handed writers: 
oward body; (c) with arm cramped 
Scottish Council for Research in 


Education, from “Left-Handedness” by Margaret M. Clark. 


Я e 1. Illustration of incorrect writing position: 
S arm hooked above writing; (b) writing in t 
into side. Reproduced by permission of the 


of course, reduced, and this sideways 


inereased, but its intelligibility is, 
d also appear to promote 


rotation of the normal axis of perception woul 

reversals and confusions. 

" In the normal (i.e., as for right-handers) position, Fig. le, the word 
eing written is obscured by the fingers holding the pencil. 


THE EXPERIMENTAL PENCIL 
nd 3, is an attempt to 


The experimental pencil, shown in Figs. 2 à 
by angling the point of 


obviate as many of these difficulties as possible, 
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the pencil with reference to the shaft, so that the line being written upon 
is left clear—as in the “hook” position, while, however, the hand still 
remains in the proper position below the line as in normal right-handed 
writing. У 


а 
Fia. 2. Schematic diagram of two types of experimental pencil. (a) Screw fitting. 
(b) Push-in fitting. Type b has the advantage in that the fitting can he bent so 


that the pencil is at any angle convenient for the writer. 


The shaft of this experimental pencil is merely a standard or school 
penholder, with the pencil-holding fitting of a compass wedged into it in 
place of the pen nib. This turned the angle of entry of the pencil point 
through an are of about 45 degrees, thus clearing the line being written 
upon. 

It is a compromise in the sense that, although no doubt a more efficient 
model could be manufactured commercially, this prototype was produced 
easily, quickly, and cheaply, and refilled indefinitely with ordinary 
pencil stubs. Most of the compasses used in the experiment cost nine- 
pence from a chain store, and had a simple push-in type pencil fitting. 
Expensive brass compasses with large serew fittings for the pencil tended 
to obscure the view, and defeat the purpose of the modification. The extra 
area to the left of the pencil point, revealed by the use of the experi- 
mental pencil, is not great rather less than an inch, but half an inch 
here is crucial, for it is about the length of an average word, and enables 
the child to perceive and develop the shape, or gestalt, of the word as 
he writes it. 

Moreover, classrooms are designed and seating arranged with the right- 
handed writer in mind, i.e., with the light coming in from the left-hand 
side. The left-handed child, who does not cover the word as he writes 
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A n n y 


Fra. 3. A. Recommended position with standard pencil to give optimum wrist 
movement and visibility. [Clark (1957); Cole (1939) ; Gardner (1945).] B. Wrist 
freedom and normal position of hand and paper maintained with experimental 
pencil—and crucial word area revealed. <British Provisional Patent No. 51409/68.) 


peering under his hand against the light, 
imental peneil may be presumed 
hand to а normal position below 


it, certainly shades it, and, in 
is unlikely to see very much. The exper 
at least to ease matters by lowering the 
the line where it does not shadow the writing. 
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SUBJECTS AND PROCEDURE 

The left-handed subjects of the experiment, 44 in all, came from two 
infant and two primary corporation schools, and ranged in age from 
top infants through all grades of primary. They were identified as left- 
handed writers by their teachers and each left-hander was accompanied 
to the test classroom by two right-handed counterparts, selected by their 
teacher as being, as far as could be judged, equal in spelling ability and 
performance to the left-handed subject. The selection of right-handed 
controls was made solely on spelling performance levels—other attain- 
ment levels being disregarded. Subsequent comparison of the performance 
of the left-handed subjects with their controls indicated how very good 
this assessment was, the difference between the average score for each 
group under the same conditions being insignificant. 

Groups of about 24 children, that is, eight left-handers with two right- 
handed controls each, were tested at one time with a piece oí unseen 
dictation. Each child wrote the same piece of dictation twice—once with 
the experimental peneil and once with a standard pencil. An alternating 
Schedule was arranged, so that at one session the left-handers started 
with the experimental pencil, while the right-handers used an ordinary 
pencil. On completing this they changed over and the dictation was re- 
peated. However, in the next group to be tested the procedure would be 
reversed, so that the left-handers started with the ordinary pencil, and so 
on. 

No comparison of performance could be made on two different pieces 
of dictation, so the same test piece had to be used for both conditions, 
but it was hoped that this alternating schedule of experiments would 
successfully balance out practice effects and any effects of strangeness, 
fatigue, or boredom. 

The dictations were marked on a simple point system of one mark for 
each word of text correctly rendered. The material used in the case of the 
infant departments was Test A of Graded Dictation Tests from Schonell’s 
“Essentials of Teaching and Testing Spelling” while that of the primary 
departments was Review 40 from the Graded Dictation Reviews in the 
same book. However, since the length and complexity of the test piece for 
the primary departments had to be arbitrarily adjusted or curtailed to 
suit the various attainment levels of the groups as they were encountered, 
the dictation was not recorded but spoken. Although every care was taken 
to make the two renderings as nearly identical as possible for pace, 
distinctness, and/or inflection, it still left the possibility that the ex- 
perimenter might involuntarily speak more distinctly during those trials 
when the experimental pens were in use by the left-handers—thus 
perhaps improving their performance. This would, of course, also mani- 
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fest itsel as a corresponding improvement in the performance of the 
right-handers who were meantime using ordinary pencils, but since this 
eventuality might be expected in any case, it left the possibility of 
experimenter bias still uncertain. To solve this, the second right-handed 
control in each case was used to form a simple replication group. They 
used ordinary pencils for both dictations, and their improvement or 
deterioration could be expected to reflect any experimenter bias that 
might be operating. 


RESULTS 
In fact, the evidence from this “no treatment” group showed either no 
difference at all from one dictation to the next, or a marginal improve- 
ment during that dictation when the left-handers were not using the 
experimental pencils—indicating, if anything at all—a tendency to over- 
compensate for experimenter bias. 
TABLE 1 
Spnutina SCORES ACHIEVED BY GROUPS or Lrrr-HANDERS USING STANDARD 


AND EXPERIMENTAL PENCILS ALTERNATELY® 


Scores using Scores using 


standard experimental 
School group Subject. pencil pencil 
Infant 1 7 7 
2 10 1t 
3 п 12 
4 8 8 
5 7 7 
6 6 8- 
7 4 4 
8 9 10 
Total 8 62 7 
Infant 25 5 
26 10 10 
27 12 12 
28 12 12 
29 12 13 
30 11 12 
Total 6 g 93 
i 4 
Primary | is i 
45 22 23 
46 12 17 
47 29 29 
48 28 28 
49 29 29 
50 29 D 
1 
Total 8 195 
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TABLE 1 (Continued) 


Scores using Scores using 


standard experimental 

School group Subject pencil pencil 
Primary I and IT 67 15 14 
68 15 17 
69 13 13 
70 8 10 
71 21 22 
72 20 20 
73 24 24 
"Total 7 116 120 
Primary IT and IV 88 26 26 
89 28 28 
90 27 27 
91 26 26 
92 28 AR 
93 23 23 
94 25 25 
"Total 7 183 183 
Primary V and VI 109 21 22 
110 28 28 
111 28 28 
112 24 25 
113 28 28 
114 27 27 
115 25 26 
116 27 27 
Total $ 208 211 
Over-all total 44 826 848 


“MD = .5; df 43; significant at .01 level. 


The right-handed control group who were tested on both pencils also 
showed no significant difference in performance or, if anything, a slight 
deterioration in some cases with the experimental pencil—the result no 
doubt of strangeness or awkwardness effects. 

The left-handers, however, in spite of having to adopt not only a new 
kind of pencil, but also in many cases a new kind of grip, appeared to 
benefit significantly over-all from the use of the experimental pencil 
(Table 1). Some subjects, notably the high achievers, seemed relatively 
unaffected, while others benefited quite substantially. The improvement 
(significant at the .01 level using the ¢ test, and at the .001 level using 
the Sign Test and the Null Hypothesis for the binomal test р=94= %) 
seemed to come mainly from а reduction of reversal-type errors among 
the infant pupils, and of random mistakes in older pupils, particularly а 
cutting down of errors of omission. 


| 
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DISCUSSION 


Аз сап be seen from Fig. 4, established word concepts did persist from 
one t to the next, particularly those formed on an auditory basis, e.g., 
"eins" (kinds), “prity” (pretty), “erly” (early), “wota” (water). 

Improvement in the infant classes came mostly from the correct render- 
ing with the experimental pencil of common reversals of letters, such as 
ар” for “а” in “deep,” “d” for “b” in “blue,” and word parts, such as 
“sae” to “sea.” 

With the primary school children the number of manifest reversals was 
much smaller, except in the case of one or two notably bad spellers, and 
improvement effects came mostly from the prevention of errors of omis- 


hen Por 
Sandra Gorden 


Trial 1 


Fic. 4, Specimen of compared performance with the two pencils. ag Ung 
Trial 1 (experimental pencil); Trial 2 (standard pencil). Note ae RUE. » 
lished engrams, especially those formed on an auditory basis, pu vs ЧА 
“putten,” “eage,” "one cloces" (warm clothes). Improvement effect of e a 25 
düe to correction of omission in "quite" and a correct visual analysis о! Ts ho 
"These "improvement" effects were of course, in the first trial, d PUMA rx 
normal pencil in Trial 2 showed deterioration instead of the P i е; 
would have expected from the corresponding performance овоме 
control group, whose score improved from 127 to 132 in Trial 2. 
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sion such as "menbers" (members), “qute” (quite), and odd m 
such as “clother” (clothes). à 

However, in a number of cases of peculiarly bad spelling, quite a few 
of the words had changed with the experimental pencil to a more logi 
approximation of the word, and, although still wrong, had lost t 
peculiar eross-grained quality that characterized them, e.g., “closth” 
“closes.” 

Improvement was for the most part marginal in individual cases, b 
the fact that it established itself stably in a one-test trial in spite of 
“flattening” effect of previous learning, suggests that cumulati 
beneficial effects might be expected from the early use of the p 
in appropriate cases. 


REFERENCES 
Benner, L. Specific reading disability as a maturational lag. Bulletin of the Orta 
Society, 1957, 7, 9-18. / 
Burr, C. “The Backward Child" London: Univ. of London Press, 1937. Pp. 2 
318, 340-344, 353-355. 
Crank, M. “Left-Handedness” London: Univ. of London Press; Scottish Co 
for Research in Education, 1957. А 
Соне, L. Instruction in penmanship for the left-handed child, Elementary. 
Journal, 1939, 39, 436-448. 


Enater, B. Kongenital Wortblindheit. M. onatsschrift Psychiatrie Neurologie 42, 
132. 


GARDNER, W. Н. “Left-handed writing—instruction manual" 
Interstate Co., 1945. 


LaussNTHAL, Е. Zur Erbhygienischen Bewartung der Kongenitalen Wortblindh 
Der Erbartz, 1941, 9, 156. 

Sonone, Е. “Backwardness in basic subjects" Edinburgh and London: Oliver & 
Boyd, 1945. Chap. 9, 109; Chap. 14, 297-298. 


Danville, Illinois: 


JOURNAL OF EXPERIMENTAL CHILD PSYCHOLOGY 7, 231-244 (1969) 


Intensity of Punishment, Timing of Punishment, and 
Cognitive Structure as Determinants: 
Response Inhibition 


J. ALLAN CHEYNE AND RicHarp Н. WALTERS - 
University of Waterloo 


Eighty-four Grade 1 boys were randomly assigned to 1 of 12 experim 
or two control conditions. Experimental subjects were trained ‘under one of Ў 
віх punishment conditions, varying in respect to intensity of punishment, ~ ' 
timing of punishment, and cognitive strueture. Results indicated that when ~. 
cognitive structure was low, response inhibition was stronger after early, .... 
than after late punishment and that high-intensity punishment was a, more , 
effective inhibitor than low-intensity punishment. The provision of high- 7 
cognitive structure was very effective for inducing response inhibition, es- 
pecially when punishment was delivered late. Telemetered heart-rate data 
secured throughout the experiment-further support the suggestion that, under ` 
certain conditions, response inhibition.may. be produced primarily Љу emo- + 
tional arousal, and, under other conditions, by the availability of prohibition. h 
rules. : 


During the past few years, Aronfreed, Walters, and their:collaborators 
(Aronfreed, 1965; Aronfreed and Leff, 1963; Aronfreed and Reber, 1965; 
Walters: and Demkow, 1963; Walters, Parke, and Cane, 1965) have con- . 
ducted a number of'studies designed to investigate the effects of varia- 
tions in punishment training procedures on the strength of response in-.: 
hibition in children, Generally speaking, these studies have supported 
hypotheses that high-intensity punishment produces greater inhibition z 
than low-intensity punishment and’that punishment that occurs early dn. 
а response sequence is a more effective inhibitor of punished responses 
than is punishment that occurs only after 4 response has! wem 
consummated. AS ; Sp 
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In contrast, Parke and Walters (1967), in a more recent series of 
studies, found that low-intensity punishment paired with a consummatory 
response was as effective for inducing response inhibition as high-intensity 
punishment delivered at the commencement of a deviant act. This finding 
is difficult to reconcile with two-factor learning model (Mowrer, 1960a, 
1960b) on which predictions were largely based. Low-intensity punish- 
ment delivered late in a response sequence would result in the association 
of little, if any, anxiety with the preparatory and initiating responses; 
consequently, one would expect the effects of anxiety to be counteracted, 
at least to some extent, by secondary reinforcers associated with the con- 
summatory response. 

In seeking an explanation of this somewhat paradoxical finding it may 
be suggested that the low-intensity punisher, a 50 db. auditory stimulus, 
may have had primarily the function of eliciting an orienting response 

(e.g., Sokolov, 1963), when delivered late in a response sequence and may 
thus have served to facilitate the reception of the verbal information con- 
veyed by the comment of the experimenter, “No, that’s for another boy,” 
that immediately followed the presentation of the physical stimulus. 
Thus, a condition was perhaps created under which a verbal instruction, 
making reference to a rule of conduct, exerted considerable control over 
the behavior of the subjects under the low-intensity—late-punishment 
condition. 

An additional post-hoc analysis of data from the Parke and Walters 
study (Cheyne, 1966) lent support to a hypothesis, that over a short 
testing period there would be differences between subjects whose inhibi- 
tion was mediated primarily by anxiety and those whose inhibition was 
mediated primarily by the rule. In the case of anxiety-mediated inhibi- 
tion, deviation in the absence of punishment should lead to a reduction 
in the anxiety associated with the deviant response, and hence there 
should be an increase in deviation over time during a continuous testing 
period. On the other hand, a lack of subsequent surveillance and hence 
punishment should not change a child’s knowledge that the response is, 
nevertheless, prohibited by some rule. Therefore, to the extent that the 
child’s behavior is controlled by the rule, the amount of deviant respond- 
ing should not change over time. 

The present experiment was designed to determine the effects on re- 
sponse inhibition produced in children, by various punishment techniques 
varying in the intensity and temporal relation of punishment to a response 
to a particular object and particularly the way in which the intensity and 
timing of punishment may be modified by the provision of cognitive 
structuring techniques which provide the subject with verbal information 
which explains or justifies to the subject the punishment operations. 
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In order to further test by another measure the hypotheses that there 
may be two partially independent mediational processes involved in the 
learning of self-control—one emotional and one cognitive-telemetered 
heart-rate data were secured from the subjects throughout the experi- 
mental proceedings. 


METHOD 

Subjects 

Eighty-four Grade 1 boys were randomly assigned in equal numbers to 
twelve experimental and two control groups. The experimental subjects 
were trained under one of six punishment conditions, varying in respect 
to timing of punishment (early vs. late) and to the nature of the punish- 
ment procedure (presentation of a high-intensity noise alone, of a low- 
intensity noise alone, or of a low-intensity noise immediately followed by 
а verbal signal). Half the subjects under all punishment conditions were 
exposed to a filmed sequence designed to elicit deviant behavior, while 
the remaining subjects were exposed to a control sequence. : t 

Subjects who received punishment in the form of a low-intensity noise 
accompanied by a verbal signal were also, before punishment training, 
provided with reasons why they should not deviate. This procedure may 
therefore be regarded as providing high-cognitive structure in comparison 
to the other punishment procedures under which cognitive structure was 
relatively low. 


Experimental Arrangements Lie 

The subjects were tested in a mobile laboratory, divided into an ex- 
perimental and an observation room by a partition containing a one-way 
vision sereen. Doors connected the two rooms and permitted access to 
either room from outside the laboratory. Punishment training was carried 
out on a table to which two buzzers, one of 96 db and one of 54 db pee 
attached below the top surface. For the resistance-to-deviation test, a 
jects were seated at a second table. The films were presented on jd - 
miral Classroom Television monitor in sles circuit with an Ampex 
VR-700 videorecorder located in the observa ion room. 

During the entire experiment, the subjects’ heart-rates were EN 
on а Beckman-Offner dynograph by means of а telemetry system. а. 
trodes were connected to a miniature (1% inches X 1% inches X 72 
inches) FM receiver to a Beckman-Offner dynograph. Both the receiver 
and the dynograph were located in the observation room. 


Procedure 
The children were brought individually 
classroom to the laboratory. Immediately 


by the experimenter from the 
upon a child's entering the ex- 
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perimental room, the transmitter electrodes were applied about two inches 
apart, to his sternum. 

Punishment training. The subject was first seated at a table and in- 
structed that he would be presented with toys in pairs and that he was 
to select one of each pair. 

Variations in cognitive structure. For subjects assigned to the low- 
cognitive-structure conditions, the following instructions were given: 
“Now, some of these toys you should not touch or play with, and if you | 
choose one of the toys you are not supposed to touch or play with, you 
will know because you will hear this buzzer (demonstrating cither the 
high-intensity or low-intensity buzzer, depending upon the condition to 
which the subject had been assigned). Do you understand that? O.K." 

Subjects assigned to the high-cognitive-structure condition were in- 
structed as follows: “Now, some of these toys you should not touch or 
play with because I don’t have any others like them and if they were to 
get broken or worn out from boys playing with them, I wouldn't be able 
to use them any more, so for that reason I don’t want you to touch or 
play with some of these toys. And if you choose one of the toys you're 
not supposed to touch or play with, 111 tell you and you will hear a sound 
like this (demonstrating the low-intensity buzzer)." 

After these instruetions had been given, punishment training began. 
On five of the nine trials the subjects were punished regardless of which 
toy they chose. The punished trials were 1, 8, 4, 7, and 9. ; 

Variations in the timing and nature of the punishment procedures. Fo 
subjects under the early-punishment condition, the experimenter ad- 
ministered the appropriate punishment as soon as the subject’s hand be- 
gan to move toward one of the toys. If the subject was in a high- 
cognitive-structure group, the buzzer was followed by the remark, “No, 
not that one.” For subjects in the low-cognitive-structure groups, the 
sound of the buzzer was not followed by a verbal remark. Subjects under 
the high-intensity conditions were punished by a 96 db noise, those under 

` the low-intensity conditions by a 54 db noise. 3 

Under the late-punishment condition, the subject was permitted to 
pick up the toy and hold it for approximately three seconds before pun- 
ishment was delivered. Again, the sound of the buzzer was followed by а 
remark only for subjects under the high-cognitive-structure condition. 

Response-inhibition test. On completion of the punishment trials, the 
experimenter placed the punished toys on a second table in two rows 
(three in the first row and two in the second) behind a screen blocking 
the subject’s view. The experimenter then said to the subject: “Oh, now 
І have to leave for a while. I have to take something from the other room 
into the school. Will you wait for me here? Fine, Maybe you would, like 


| 
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to watch television while I'm gone. 111 turn it on, and we'll see if some- 
thing is on now.” The experimenter then removed the screen, revealing 
the table with the toys and television set. The experimenter turned on 
the television set and continued: “Well, it will take a few minutes to 
warm up. Maybe you will be able to see the television better from over 
here.” The experimenter seated the subject on a chair behind the table 
containing the prohibited toys. He then put on a coat as if in preparation 
to leave the laboratory, saying: “This door (indicating a door leading 
outside) is locked so-that nobody can bother you while I’m gone. T have 
to get something from the other room so Ill go out by the other, door. 
Remember about these toys. Goodbye.” The experimenter left the room 
and immediately turned on the videorecorder, thus projecting on the moni- 
tor either a sequence showing a Grade 1 boy, who was unknown to the 
subjects, playing with all possible prohibited toys, each for approximately 
he same length of time, or a control sequence depicting inanimate ob- 
jects unrelated to the experiment. He loudly slammed the door leading 
rom the observation room to the outside of the trailer, as.if he were 
leaving; in fact, he remained in the observation room with his assistant. 
Response-to-deviation test. After fifteen minutes during which the sub- 
ject was alone with the toys, the experimenter again slammed the door 
eading from the observation room, then re-entered the experimental 
room through the inside door. He offered the subject several candies and 
asked: “Did you play with any of the toys while I was gone?! The sub- 
ject was then returned to his classroom. у. D MESE 

Behavioral measures. An observer behind the one-way vision, screen 
in the darkened observation room recorded on a record sheet, similar to 
hat used by Parke and Walters (1967), the times at which the subject 
ouched and ceased to touch individual toys. The sheet was arranged in 
such a way that the observer had only to record the times, 
Heuer-Century stopwatch, in appropriate squares. 

From sce eae the Б scores were calculated: the vai 
of the subject’s first deviant response, the number of times he, deviated; 
and the total time for which he deviated. These scores represent “у 
slight, modifications. of those used in earlier studies (Waltérs, MURUS a 
Mezei, 1963; Walters and Parke, 1964; Wa Parke, and Dis 1965;. 
Parke and Walters, 1967). In addition to the above scores, а, gu Bite 
was obtained by dividing a subject’s duration-of-deviation score x d 
number of times he deviated. Tt was also possible to obtain pon, ї ig 
server's records changes in number, duration and average Vida ad 
deviation over time. These scores were obtained separately for ge T 
five minutes, the second five minutes, and the last five minutes. of the 


testing period. 


read from a 
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In addition to the above records, some supplementary information was 
secured by the observer. After the experiment had begun and two sub- 
jects had been run in each cell, the experimenter suggested that the ob- 
server check any deviation during which the subjects lifted the toy from 
the table, as opposed to merely touching or handling it on the surface of 
the table, in order to obtain an index of the degree of caution with which 
the subject handled the toy. Also, the number of candies taken by the 
subjects during the response-to-deviation test and their answers to the 
experimenter’s questions concerning deviation were recorded. 
Physiological Measures 

Inspection of the heart-rate data during the punishment-training phase 
of the experiment indicated that a punishing event characteristically 
produced a startle pattern that reflected muscle-potential activity as well 
as heart-rate changes. The number of these responses was counted for 
each subject for the five trials on which punishment was given. In view 
of the occurrence of complex startle patterns, change in heart rate could 
not be utilized as a measure of emotional response during punishment 
training. 

Change in heart rate was, however, employed as an index of the sub- 
jects’ emotional reactions to the response-to-deviation test. The average 
heart rates of individual subjects during the last 20-second nondeviation 
period preceding the termination of the resistance-to-deviation test was 
used as a baseline index; this index was subtracted from their average 
heart rates during the 6 seconds following the placing of the candies on 
the table, 

The remaining tests employing physiological data were post-hoc de- 
signed to clarify findings concerning specific group differences in be- 
havior; the measures employed and the outcome of comparisons are there- 
fore reported in the discussion of results. 


RESULTS 
Reliability of Measures 
A second observer was present while 15 S’s were tested. Pearson 
product-moment correlation coefficients were used as indices of interrater 
reliability for the dependent measures of response inhibition. Pearson f 
for latency, number-of-deviations, and duration-of-deviations measures 
were all above .99. 


Response-Inhibition Data 


The means and SD's for the latency, number-of-deviations, and dur- 
ation-of-deviations measures are presented in Table 1. In spite of hetero- 


TABLE 1 


Grovr Means лхр SDs ғов THREE INDICES OF RESPONSE 


INHIBITION 


DEVIANT MODEL 


Low cognitive structure 


High cognitive structure 
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geneity of variance of some of the measures, analysis-of-variance meth- 
ods were used since the F test has been shown to be relatively insensitive 
to even large departures from homogeneity (Young and Veldman, 1963). 
The analyses were carried out by means of orthogonal weighting coeffi- 
cients (Edwards, 1960). 

Subjects who had observed the deviant model initated their first de- 
viation significantly later than subjects who had observed the control 
film (Р = 4.42;.p < 05; df = 1, 70). None of the other measures re- 
vealed a film-manipulation effect. Subjects receiving high-cognitive- 
structure instructions-deviated less often (F = 831; p < .01; df = 1, 70) 
and for a shorter period of time (F = 838; р < .01; df = 1, 70) than 
subjects: receiving low-cognitive-structure instructions, but the latencies 
of the two groups were-not significantly different. Latencies were signifi- 
cantly longer (Р = 4.32; < .05; df = 1, 70), and numbers of deviations 
fewer (F = 4.84; p < 05; df = t; 70); for subjects experiencing the more 


intense, as opposed to those experiencing ће less intense, noise under the , 


low-cognitive-structure condition. Moreover, under this condition sub- 


jects punished early deviated somewhat less quickly (F = 3.34; р < 10; @ 
df =1, 70) and for shorter durations (F = 7:52; p «01; df = 1, 70) 3 


than subjects punished late. There was no significant timing effect. under 
the high-cognitive-struetüre condition. 

The data for subjects in the two control groups were combined and 
compared with the combined data for the most deviant group under film- 
model condition. and. the most deviant group under the neutral-film con- 
dition. The control subjects deviated more often (F = 13.40; p.< .005; 
df = 1, 70) and for a longer period of time (Е = 404; р < .05; df =1, 
70), though not more quickly, than subjects in comparison groups. Hence, 
there is evidence that even the relatively ineffective punishment condi- 
tions produced some inhibition. 

In order to test further the hypothesis that cognitive structuring is 
more effective for producing response inhibition when punishment is de- 
livered late than when punishment is delivered early, two additional 
nonorthogonal comparisons were made. These comparisons were guided 
by theoretical considerations and hence were deemed justifiable (Winer, 
1962). 

Subjects who received punishment early tended, though nonsignifi- 
cantly, to deviate less; quickly, less often, and for a shorter duration of 
time ‘than subjects who received punishment late; ‘in contrast, under the 
high-cognitive-structure condition, subjects who received punishment 
early demonstrated a marked tendency to deviate more quickly (F = 

6.65; < 01; df —:1, 70), more often (Р = 486; p < 05; df = 1, 70), 
and for 4 longer duration (Р = 13.65; р < .001; df = 1, 70) than sub- 
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jects who received punishment late; thus, the usual effect of timing was 
L essentially reversed when high cognitive structure was provided. 

- Sinee the hypothesis concerning changes over time involved only the 
‘cognitive-structure variable, data for all subjects in the low-cognitive- 
structure groups were combined and compared with the combined data 
for subjects in the high-cognitive-structure groups. A trend ‘analysis 
using the number measure failed to yield significant results. However, 
the trend analysis based on the duration measure revealed a significant 
interaction between cognitive structure and time periods (F = 5.28; 
df = 2, 140; p < .01). The curve for low-cognitive subjects showed a 
‘positive slope whereas the curve for high-cognitive subjects showed a 
‘slightly negative slope (Fig. 1). os 


Deviation 


Duration of 
(Seconds) 


Time Periods 


Fic. 1. Change in average duration of deviation over three 5min. periods for sub- 


jects under high-cognitive and low-cognitive conditions. 


Additional Response-Inhibition Data ' 


Analyses were carried out for the average-duration-of-deviation meas- 

ure in the same manner as for the number and duration measures. А 
trend analysis demonstrated a significant interaction effect involving the 
cognitive-structure variable and time periods parallel to that obtained 
with the duration measure (F = 7.22; df = 2, 140; p < 001). Sod 
orthogonal comparisons conducted in order to test between-variable effects 

. showed that subjects who received punishment early in the DO x 
quence deviated for significantly shorter durations per deviation than 


subjeets punished after the response was completed (F = 6.54; p < 02). 
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The influence of cognitive structuring on the cautiousness with which 
toys were handled was treated by comparing deviators who had experi- 
enced high cognitive strueture and those who had experienced low cog- 
nitive structure in respect to the number of times they lifted a toy from 
the table. Deviators under the high-cognitive-structure condition lifted 
toys from the table 0.70 times, on the average, compared to an average 
of 4.15 times for those under the low-cognitive-structure condition (t = 
3.14; df = 35; p < 01). 


Response-to-Deviation Data 


Almost all subjects took only one candy during the response-to-devia- 
tion test. This uniformity of behavior probably reflects the influence of 
a very well established cultural norm. 

There was a significantly higher proportion of denials among deviators 
receiving high-cognitive instructions than among those receiving low- 
cognitive instructions (87 versus 59%; chi-square = 4.37; р < .05) and 
among deviators punished early as opposed to those punished late (80 
versus 41% ; chi-square = 4.67; p = .05). | 


Physiological Reactions to Punishment 
Table 2 indicates the means and SDs of numbers of startle patterns to 
punishing stimuli for subjects under each of the punishment conditions. 


TABLE 2 
MEANS AND SDs or HzAmr-RATE CHANGE SCORES ASSOCIATED 
WITH THE RrsPONSE-TO-DEvIATION Теѕте 


High cognitive 


Low cognitive structure structure | 
High intensity Low intensity Low intensity 
Mean SD Mean SD Mean SD 
Early punishment — 13.2 17.2 6.6 4.5 1.5 8.6 
(7.1) (1.9) (60.0 (2.1) (5.3) (2.2) 
Late punishment 5.3 10.9 4.5 7.9 2.1 6.9 
(4.4) (1.4) (4.3) (2.8) (4.9) (1.0) 


^N = 8 in each cell. 
* Means and SDs of Startle Reactions to Punishment. 


Since the films were presented only after punishment training was com- | 
pleted, data for subjects under the two film conditions were combined. 
Heart-rate data were available for 10 subjects with each punishment 
condition. 


Startle patterns were significantly less numerous for subjects unde? 
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the high-cognitive-structure condition than for subjects under the low- 
| cognitive-structure conditions (F = 4.72; p « .05; df — 1, 53) ; however, 
as Table 2 indicates, this difference was entirely attributable to differ- 
ences between subjects under the early-punishment condition. Subjects 
who were punished early under low-cognitive-structure conditions gave 
significantly more startle responses than subjects punished late (F= 
6.68; p < .03; df = 1, 53) the effects of the intensity variable, although 
in the anticipated direction, failed to reach significance (Е =147,р< 
10; df = 1, 53). 

Table 2 also presents the heart-rate change scores that were used as 
an index of subjects’ emotional responses to deviation. Imperfect re- 
eordings reduced the number of subjects with usable records to 57; the 
records of a further nine subjects were discarded, using randomization 
principles, to leave data for a total of 48 subjects, eight in each cell. 
Again, the data for subjects under the two film conditions were combined. 
Orthogonal comparisons revealed that subjects under the high-cognitive- 
structure condition displayed less reactivity than those under the low- 
cognitive structure condition (F = 5.16; p < 05; df = 1, 53) ; differences 
` attributable to variations in intensity and timing for subjects under the 
low-cognitive-structure condition approached significance (F = 3.08; 
p « 10; and F = 3.14; p < -10, respectively df = 1,53). 


DISCUSSION AND SUPPLEMENTARY DATA 


Physiological Data 
Since heart-rate data were primarily obtained in order to provide an 
index of the emotional impact of experimental manipulations on the sub- 
jects, it is advantageous to discuss their implications before assessing 
those of other findings. As Table 2 indicates, timing of punishment Was 
the variable that contributed most to differences among groups 1n respect 
to startle patterns changes during punishment. The startle responses шу 
were recorded seem largely to reflect а reaction to а sudden, Шр 
intervention by the experimenter as & child was about to make a choice 
of one of a pair of toys. $7 
The а" cane scores associated with the response-to-devintinn 
test (Table 2) provided a slightly different pattern of results. he xà 
fluence of the timing variable was apparent among subjects under the 
low-cognitive condition but not among 


those for whom high-cognitive 
structure was provided; in fact, neither early-punished nor late-punish 


. "T n h 
subject; ioh-cognitive-structure condition displayed mue 
jecte under tho E A to-deviation test. At this point, 


emotional reactivity during the response- 2 Же 
it is worth noting that these indices suggest that the two шош 
structure groups may have differed from the high-intensity—e y 
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punished—low-cognitive-structure group in respect to emotional 
responsiveness. 


Behavioral Data 


Resistance-to-deviation measures. Resistance to deviation was in- 
creased by the provision of high-cognitive-structure and, when cognitive 
structure was low, by the early administration of physical punishment 
of relatively high intensity. 

The hypothesis that response inhibition mediated by emotional arousal 
is likely to be more weakened over time than inhibition based on the pro- 
vision of a rule is supported by the data presented in Fig. 1. Especially 
interesting in this respect is the difference in the degree of “cautiousness” 
in respect to picking up toys that differentiated high-cognitive-structure 
children from low-cognitive-structure children. The behavior of high- 
cognitive-structure subjects appears to have been controlled, at least to 
some extent, by the specific content of the instructions that they received 
from the experimenter. 

Tt should be noted that the two least deviant groups of subjects were 
early-punished subjects who received high-intensity punishment and late- 
punished subjects for whom cognitive structure was high. Deviant sub- 
jects in these two groups were also more likely than any other subjects 
to deny their deviations. In addition, the physiological data already re- 
ported lent support to the suggestion that response inhibition was induced 
primarily through emotional arousal for early-punishment—high- 
intensity subjects and primarily through cognitive structuring, accom- 
panied by relatively little emotional arousal, for late-punishment sub- 
jects for whom high cognitive structure was provided. 

It was hoped that additional relevant physiological data would have 
been secured during the response-inhibition test. Most of the available 
data were, however, too contaminated by artifacts resulting from varying 
activities of the children and, in addition, obviously influenced by а num- 
ber of inextricable factors, such as the incidence of deviations and varis- 
tions in length of intervals between successive deviations. Nevertheless, 
it was decided to make a selected post-hoc comparison between subjects 
under the high-intensity—early-punishment condition and those under 
the high-cognitive—late-punishment—low-intensity condition in respect 
to heart-rate changes immediately preceding their first deviation. 
average heart rates of each of the six deviators under each of these con- 
ditions were calculated for the 24 seconds immediately preceding their 
first deviation and also for the 5 seconds preceding this deviation. 
Changes in average heart rates from the earlier to the later of these inter- 
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heart-rate change for subjects under the low: 

early-punishment condition was +54, while that for subjects under the 
high-cognitive—late-punishment condition was —0.03. A Mann-Whitney 
U-test for small samples indicated that this difference was significant. at 
the .002 level (U = 1; nı = п: = 6). Thus, one might infer that 
“emotionally-controlled” subjects displayed considerable emotion when 
deviation occurred, whereas the “eognitively-controlled” subjects showed 
little emotionality when they broke the prohibition. 

This finding would seem to further support the view that the two 
groups of subjects, although behaviorally very similar, both in respect 
to their high resistance to deviation and high incidence of denial, were 
quite dissimilar in their emotional reactions to the extent that heart rate 
change may be inferred to indicate emotional responses, Their dissimilar 
ity in cardiac activity during the punishment training and during the 
response-to-deviation test has already been noted. The findings thus sug> 
gest the possibility that there are two sources of response inhibition, one 
generated primarily by emotional responses to anticipated deviation and 
the other based primarily on knowledge that the certain potential ае!» 
are instances of socially дир behavior. In " reler- 
ence is explicitly or implicitly e to a standard 
expressed in a proposition; the avior involved may thus be regarded 
as an example of rule-regulated or proposition-governed behavior. = 

Distinctions have frequently been made between fear-controlled 
guilt-controlled behavior, on the 
able kinds of emotional responses that maintain conformity to 
‘Traditionally, fear has been interpreted as An emotional response to 1 
actual or anticipated disapproval we others and guilt пя an emotions 
response to the actual or anticipa violation 
or rules, We are advocating instead а distinetion between emotions эн, 
cognitive control. Sometimes, believe, conforming beha may by 


we " responses 
primarily from the activation of conditioned et execute, or anticipates 


cues that are present when an agent 
А х ү At other times, we believe, con- 
executing a socially disapproved act, thet а potential eet 


formity occurs because а poten 
contrary to a particular rule bess on 
соте an effective cue governing ш 

The proposed distinction does not require the spare ptm 
source of control is not a deve 1 antecedent Edi sei de- 
"cognitive control," as we have v Paeis aking Our fnd- 
velop in the absence of some fear- avoidance 


| 
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ings suggest, however, that the development of self-control is not а matter 
of learning a “new” emotional response that is a substitute for fear but 
of learning how effectively to utilize socially significant cues. 
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Psychophysical Scaling of Olfactory Response to 
the Aliphatic Alcohols in Human Neonates* 


CAROLYN KENT КоҮЕЕ? 


Brown University 


A power function described the relation between successive concentrations 
of five aliphatic alcohols and response magnitude as measured by integrated 
stabilimeter activity. Total response level and average threshold concentra- 
tion are inverse functions of chain length. Infant slopes are higher than 
those of adults for similar alcohols. These findings are consistent with non- 
primate electrophysiological recordings and with human adult scaling of 
olfactory response. 


The limited number of studies describing the olfactory discriminative 


capacity of human infants probably reflects two factors: methodological 
d beliefs that the sense of smell 


and population difficulties, and widely hel 

is not mature enough to warrant analysis. Morgan and King (1966, p. 59) 
note, for example, that at birth taste and smell ^. . . apparently are func- 
tional, but only on a rudimentary level." Recent studies of infant olfac- 


tion have dealt with developmental threshold changes (Lipsitt, Engen, 


and Kaye, 1963), differential response decrement and recovery to single 
erential adaptation to 


stimuli (Engen, Lipsitt, and Kaye, 1963), and diff da 
components of mixtures (Engen and Lipsitt, 1965). In addition, Engen 


(1965) found that infants could order а homologous series of aleohols 


systematically with respect to chain length, both at 100% and threshold 
respiratory change versus no- 


concentrations. His response measure Was 

change, precluding determination of differential response magnitudes for 
solutions between 100% and threshold concentrations. { 
The present paper describes the use of summated stabilimeter activity, 
"This research was done in partial fulfillment of the doctoral requirements at 
ited States Public Health Service 


Trainee in Experimental Child Psychology under program no. PHS-MH-5T1-6951. 
m the National Science 


i repared, The 


Jersey 08625. 
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calibrated for infant weight, as a simple direct measure of response ma 
nitude across concentrations of selected aliphatic alcohols. This meas 
correlates highly with respiratory change (Levin and Kaye, 1964) 
permits valid between-Ss comparisons (Rovee and Levin, 1966). The first 
experiment described below scales newborn response in terms of summate 

stabilimeter activity across selected concentrations for each aleohol, 
respective of threshold considerations. The second study describes de 
mination of absolute threshold values for the stabilimeter measure, 


METHOD 


Subjects. The Ss were 125 healthy and apparently normal infants 
the clinic and private populations of the Providence Lying-In Hospi 
tested as they became available with respect to hospital routine. No 
fant less than 30 hours of age was tested, as olfactory thresholds 
still declining prior to this age (Lipsitt et al., 1963). Average age v 
about 62 hours with а range from 30-107, hours and a standard deviation 
of about 23 hours. Ten additional Ss were'discarded from the sample fo 
failing to meet “state” criteria for stimulus presentations. Each S was 
used in only one study and had not participated in previous olfaetor 
tests, д 

Apparatus and materials. General body movement within the stabi 
meter crib (Lipsitt and DeLucia, 1960; Engen, Lipsitt, and Kaye, 1 
was continuously recorded and integrated on separate channels of 
Grass S5 Polygraph run at 5 mm/second. On a third channel, respirati 
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Fic. 1. Sample record of scaling procedure showing manual event marker, re 
ation, stabilimeter oscillations, and integrated stabilimeter activity. Trials 1-5 
sent successive presentation of 6.25, 12.5, 25, 100, and 50% propanol. The in 
intervals are not shown. - 
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The odorants were propanol, pentanol, hexanol, octanol, and decanol, 
selected from the linear aliphatic series. The aleohols were supplied by 
Eastman Organic Chemicals and were redistilled; the diluent was 
diethyl phthalate, supplied by Fritzsche Bros. A geometric (loge) di- 
lution series was prepared for five concentrations of each alcohol in 1-ce 
quantities and maintained in 10 x 75-mm pyrex test tubes, sealed with 
foil-wrapped corks. The cotton-swathed end of a glass yod anchored to 
the cork remained partially suspended in the odorant when the cork was 
in place. Stimuli were presented by placing the saturated cotton tip in 
position approximately 5 mm beneath the S's nostrils. At no time was 
the cotton tip in contact with S's facial region, and slight head move- 
ments which occurred infrequently within the stimulation interval did 
not disrupt normal stimulation. Although a single blind procedure may 
have been preferable, the reliability and validity of the present method 
has been well documented (Lipsitt et al., 1963; Engen et al., 1963; Engen, 
1965). 

Procedure. All the tests were conducted in а semi-darkened, quiet, ven- 
tilated laboratory in the Lying-In Hospital between 10:15 AM and 11:15 
AM, after the regular 9:30 AM to 9:50 AM feedings. An assistant car- 
ried each infant from the nursery to the testing room, placed the 
S supine in the stabilimeter crib, and fastened the pneumograph. The 8 
was then tightly swaddled to increase the probability of maintaining a 
quiescent state during testing (Richmond, Lipton, and Steinschneider, 
1962). The stabilimeter was then calibrated for the S's weight. ín 

All trials consisted of 10-second stimulus presentations with inter- 
trial intervals of approximately 60 seconds, Trial initiation was con- 
ditional upon a 10-second prestimulation period of regular respiration, 
minimal stabilimetrie activity, and closed eyes. The first trial was usually 
begun within 5 minutes of the initial preparatory activities, is devel- 
oped respiratory irregularities (0.8. hiccoughs, crying, jerky bresthine)» 
testing was discontinued. A response was defined as stabilimetrie dis- 
placement; within the 10-second stimulation interval and the total cumu- 
lative millimeters of displacement constituted the magnitude of response. 


RESULTS 


Experiment 1 
Each subgroup of 15 Ss was tested on the dilution series Ub of ш 

five alcohols. Every S received all five concentrations in random ог i Й 

the only restriction being that each stimulus must occur first equally 

often. - 
‘All psychophysical functions were obtain ras 

E pod ener means. To permit logarithmie кыш 

all responses of zero magnitude were assigned the value of 0.3 mm, the 
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(1965) for respiratory measures. 
Coefficients of determination (r?) indicate that the goodness of fit is 
best over concentrations of the short, chain aleohols, with the exception 
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Fic. 2. Power functions Showing response magnitude as a function of number of 
carbons and stimulus intensity, Experiment 1. The odorants were propanol (C;), 
pentanol (Cj), hexanol (Cy), octanol (Cı), and decanol (Cy). 


of a propanol-pentanol reversa] at all concentrations but 10076 and a 
pentanol-hexanol reversal at, 6.25%. In addition, the standard error does 
not exceed a fourth of a log unit within any concentration. 
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Fic. 3. Power function slope as a function of chain length. 


Since magnitude of response varies directly with stimulus intensity and 

inversely with chain length, the input-output relations might be com- 

pared across alcohols by the slope of each function (Table 1). As Fig. 3 

shows, the exponent or slope decreases monotonically with alcohol chain 

length. Engen (1965) found a similar relation between newborn respira- 

tory response to 100% concentrations and chain length. However, the 

slope values reported here are much higher than those obtained by Engen 

from adults using the method of magnitude estimation for pentanol 

(0.42) and octanol (0.13) (Engen et al., 1968). Stevens (1961) has 

also reported low exponents for olfactory stimuli. The slopes, however, 
appear to differentiate the alcohols numerically only. There is consider- 
| able overlap (Fig. 2) between slope points at various concentration levels 
of different odors. The propanol series, with the largest exponent or 
steepest slope, is indistinguishable from pen 
tions, from hexanol at intermediate concentrations, 


tanol at higher concentra- 
and from octanol at 


| TABLE 1 
Comparison оғ ORIGINAL AND CORRECTED SLOPES (Мктнор or LEAST Squares), 
COEFFICIENTS OF DETERMINATION, AND THRESHOLD VALUES 
| Experiment 2 
Experiment 1 (RS sS SRR EE 
Number of Corrected Mean Standard 
| carbons Slope n slopes 4d RL error 
Propanol-3 1.303 .96 0.602 75 16.25% 1 % 
| Pentanol- 0.936 -78 0.459 Т 7.50% ; 
| Hexanol-6 0.845 `89 0.561 .86 4.9196 1.04 
| Octanol-8 0.704 83 0.640 .80 1.40% 0.30 
0.242 56 0.58% 0.13 


i Decanol-10 0.233 .56 : 
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lower concentrations, Engen (1965) has shown that, stimuli eliciting more | 
vigorous responses to 100% concentrations also have higher detection 
thresholds. If the propanol threshold were relatively high, averaged 
response magnitude might reflect a larger incidence of nonresponse among 
Ss to lesser stimulus intensities. The second experiment was conducted, 
then, to ascertain the degree of contribution of threshold effects to the 
initially observed input-output expression, 


Experiment 2 


Five alcohol subgroups of 10 Ss each were tested on a geometric (log,) 
dilution series extending over 11 concentrations of each alcohol used in 
Experiment 1. Thresholds were determined by the ascending method of 
limits as described in earlier reports (Lipsitt et al., 1963; Engen, 1965), 
On the first trial, each S was presented with a member of the dilution 


alcohol. On subsequent trials, concentrations within the series were suc- 
cessively doubled. Threshold for a given S was defined as that concen- 
tration to which the infant first responded. One concentration higher than 


3.12% 6.25% 2.25% 25% 


Fic. 4. Sample record of pentanol threshold determination in ascending series. 
Threshold for this S was defined as 12.5% pentanol; however, note the late respiratory 
response to 6.2595. 
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Fic. 5. Stimulus threshold intensity (percentage concentration) as a function of 
chain length. 


swaddling used to maintain state suppressed or obscured minimal re- 
sponse. Response variability varied directly with threshold intensity and 
inversely with chain length. f 

In order to describe the obtained response magnitude across only the 
effective or suprathreshold range of concentrations, each concentration 
was respecified in terms of its effective stimulus intensity according to 


LOG MEAN RESPONSE (mm) 
lcs 
| | \ 


sosy ООН 
aa ze E L7 2.0 


LOG % CONCENTRATION 


Fic. 6. Response magnitude as & function of the effective узше кзн 
intensity over five homologous alcohols. These are threshold-correc 


Fig. 2. 
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especially that of pentanol, they were more comparable to those reported 
for adults. A fuller diseussion of threshold correction effects appears 
elsewhere (Engen e£ al., 1968). 


DISCUSSION 


stimulus is the one which is effective at the lowest, concentration; how- 
ever, the stimulus eliciting a Tesponse of the greatest, magnitude is not 
lowest in threshold concentration. Paradoxically, propanol produces the 
most vigorous response and also has the highest threshold of the alcohols 
studied; decanol can produce only low-magnitude responses but is effec- 
tive at very low concentrations, 

Electrophysiological studies on animals (Tucker, 1963 ; Ottoson, 1956, 
1958) using the same homologous series have shown a similar relation 


A second, related explanation of the paradox involves the trigeminal 
nerve, thought to be responsible for short chain stimulation effects, Either 
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the properties of trigeminal receptors may be such as to require con- 
centrations higher than those which can stimulate pure olfactory re- 
ceptors, or trigeminal sites may be less accessible. Tucker (1963) has 
indicated that trigeminal receptors are less exposed to the gaseous en- 
vironment in the nasal cavity than are the olfactory receptors, and has 
also suggested that trigeminal stimulation produces reflexive changes 
in the nose which reduce accessibility to olfactory receptors and increase 
mucosal secretion and flow. He has suggested that trigeminal response to 
threshold concentrations “probably appears first for smaller members of 
the aliphatic series” (1963, p. 66). It is likely, then, that the apparent 
paradox observed behaviorally is simply a reflection of differential inter- 
actions between odorant and receptor apparatus. 

The present findings are notable for the consistencies they demonstrate 
between electrophysiological data on subhumans, behavioral data on non- 
verbal human newborn, and scaling data from verbal reports of adult 
humans. Further, they show that the human newborn has a much keener 
olfactory apparatus capable of making finer discriminations than pre- 
viously thought. The unique position of the infant in terms of past ol- 
factory experience and discriminative ability suggests their future use 
as Ss in investigations of basic olfactory phenomena. 
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A Developmental Study of Sequence Structure 
in Binary Prediction* 


Nancy A. MYERS AND JEROME L. MYERS 
University of Massachusetts 


Sixteen groups of 20 Ss each were run individually in a binary prediction 
situation with each alternative occurring equally often. Four age groups 
were employed: Ss were either in kindergarten, second, fourth, or sixth 
grades. For half the Ss át each age level the events: occurred’ in runs of 
either 1 or 5; the other Ss observed events which occurred in runs of either. - 
4 or 5. The probability. of occurrence of the long run (В). was. also manipu- . 
lated: for half the Ss receiving each set of run Jengths there were equal . 
numbers of short and long runs (6 = 5); for the other 8s p= 2. The | 
results indicated that all groups showed some sensitivity to run length 
characteristics. However, errors of all types decreased as age increased, and 
4-5 sequences were followed more accurately than 1-5 sequences. The 

< results were discussed in terms of their implications for a general model of 
binary choice behavior. 


The binary prediction paradigm requires the S to predict which, of 
two events will occur on each of a series of trials. Recent developments 
in the binary prediction literature have been in the direction away, from 
noncontingent probabilistic sequences and toward the -study. of more 
carefully controlled sequential structures. With adults, a wide variety of 
both partially and completely learnable sequences have been employed 
in attempts to isolate the effective stimuli and response tendencies in 
binary prediction (e.g., Gambino and Myers, 1967 ; Restle, 1966). With 
children, too, there is increasing evidence of some sensitivity to at least 
some characteristics of sequences. Thus, Craig and Myers’ (1963). gon 
garten Ss alternated more with a 60:40 than with an 80:20. sequence, an 
Ворагі” (1966) 4- and 5-year-olds followed single alternations- quite 
well, at least in early trials, and were obviously affected [у Шалы M 
sequential structure. Jones (1967) found that both nursery and kini 35 
„garten Ss’ responses reflected the pattern of highly diseriminable Sis 
-Sequences, She exposed Ss to sequences with event repetition probabi rud 


^ Tis research was. supported by funds from a University of Меш, ur 
ulty Research Grant and NIMH Grant "ME-03803-06 and NSF Grant E На for 
authors thank the Research Computing. Center,’ University of Massaehuse 3 

assistance in analyzing data. Ec Lus 
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of either .1 or .9 for 100 trials and for the second 100 trials transferred ^ 
half the Ss to the opposite event repetition probability, while continuing : 
the others at the same repetition probability level. When the repetition 
probability level changed, responses showed only limited dependency 
upon the new event sequence. However, kindergarten Ss followed any 
Sequence better than nursery Ss and both age groups followed predomi- 
nately repeating sequences more accurately than predominately alter- 
nating sequences. 


The present study was designed to explore further those characteristics | 


of event sequences to which children may respond. In particular, we were 
interested in sensitivity to run length, because Myers, Butler, und Olson 
(in press) had observed such sensitivity in adults, Following the Myers 
et al. procedure, the events always appeared in runs of two standard 
lengths, either 4 and 5 or 1 and 5. For some Ss the two run lengths 
occurred equally often; for others, the shorter run length occurred more 
frequently. In addition, four age levels were employed, to permit evalua- 
tion of developmental aspects of performance, 


METHOD 
Apparatus. The event box consisted of two 115v. red event lights 
mounted in parallel on the front of an 8- x; 12- X 2-inch grey box, one 
3 inches from the left, the other 3 inches from the right edge. Below each 
light was a 315- X 14-inch slot through which one of 200 3- x 2-inch 
playing cards, blank on both sides, could be placed to make a response. 


Sequences employed, in a 4 xX 2 x 2 factorial design. There were 20 Ss 
in each group, half males and half females. Four age groups were run: 
Ss were either in kindergarten, second, fourth, or sixth grades. For half 


The other aspect of event sequences which was manipulated was 8, the 
probability of occurrence of the long run. For half the Ss receiving each 


trials each, for each of four run length-g combinations, with the one 
additional requirement that each light oceur equally often. 
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Procedure. The Ss were tested one at a time in what they were told 
was а "guessing game." After E signaled the beginning of a trial with 
the buzzer, S predicted which one of the two lights would come on by 
taking a card from the stack of 200 in front of him and placing it in the 
slot under the appropriate light. For the first five trials, S was required 
to point to the light and then put the card in the slot. This procedure 
was used in order to ensure that S understood the instructions. The game 
was played at S's own rate, and S was required to look at the lights 
before Ё ended the trial. It was emphasized in the instructions that the 
order of the lights was predetermined and that the card did not turn on 
the lights. Each session lasted approximately 30 minutes. 

Subjects. The Ss were 320 children attending public school classes in 
Northampton, Massachusetts.” Eighty children were run at each of four 
grade levels: kindergarten, second, fourth, and sixth grades. No child 
who had repeated a grade was employed as S. The mean age, and the 
age range, in years and months was respectively: kindergarten, 5-7, 
4-10 to 6-1; second grade, 7-8, 6-8 to 8-3; fourth grade, 9-6, 8-9 to 10-1; 
sixth grade, 11-7, 10-9 to 12-3. 


RESULTS 

Three measures will be considered in addition to the usual sequential 
analysis of repetition responses аз а function of the preceding run of 
events, Anticipatory errors are failures to predict the preceding event 
when the probability of an event repetition is one, and perserverative 
errors are failures to predict the alternative event when the probability 
of an event switch is one. The proportion of repetition responses at the 
uncertainty point represent repetitions after runs of length one in 1-5 
groups and repetitions after runs of length four in 4-5 groups. ‘These 
measures are of particular theoretical import because of their sensitivity 
to sequence structure (Gambino and Myers, 1967) and because previous 
models which viewed runs as the critical stimuli were unable to predict 
the occurrence of such errors (Restle, 1966). TE 

Anticipatory errors. An anticipatory error is defined as the prediction 
of the alternative event when the probability of a run continuing is one. 
Such errors can oceur following runs of length 2, 3, and 4, in 1-5 groups 
and following runs of length 1, 2, and 3, in 4-5 groups. The proportion of 
anticipatory errors made by each of the experimental groups at each 
grade level may be seen in Fig. 1, and the results of an analysis of vari- 


*The authors thank John Buteau, Superintendent of Schools, and Robert Mori- 
Mass., for their cooperation in 


arty, Elementary School Supervisor, Northampton, д ї 
providing facilities and Ss for this study, and Mrs. Florence Mador for assistance 1n 
running Ss. 
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PERCENTAGE ANTICIPATORY ERRORS 


GRADE 
Fic. 1. Percentage anticipatory errors as a function of grade, for each B-RL 


combination, 


TABLE 1 


SUMMARY OF ANALYSES OF VARIANCE OF THREE DIFFERENT MEASURES 


Anticipatory Perseverative Repetitions at 
errors errors > uncertainty point 
ا‎ 7 


`` Source dí MSF MS ^F м5 10) 


(Proportion of long runs) 


G (Grade) 3  .0007 .19.8 1,3331 14.7 4880 8.8 
R (Run length) 1 3.7130 110.1: 4.4051 48 7 -1545 2.8 
Т (Trial block) 1 1.1391 199.8 .0328 1.0 .2125 1.2 
8G S 0518. "3.5 877 21 -4690 8.9 
BR 1 .9048 26.9+ :4456 49 .145 ` 2.6 
GR 3 .023 16 ` 1.0750 11.9- 20772 1.4 
BT 1 .0214 38 .0023 «1 .1686 8.9 
GT 3 .024 39 .0046 «1 0014 «1 

RT 1 .007 «1 .0767 2.4 .0000 «1 

BGR 3 ..0581 . 1,7 -5768 6.4 - 2492. 4.5 
BGT. 3 .0081 14 :0054 «1 .0364 1:9 
ВВТ. 1 .0013 <1 .0722 2.3 .068 3.6 
GRT 3 .0136 24 .0545 1.7 -0332 . 1.7 
S/8GR 304 .0337 E .0904 — 0551  — 

BGRT 3 .008 1.0 0045 <1 0163 <1 


g 
8 


S x T/sGR : “0320 0190 — 
* Significant at the .05 level. 


* Significant at the .01 level. 
* Significant at the .001 level, 
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ance performed on these data may be found in Table 13 Many more 
anticipatory errors were made by the 1-5 run length (RL) groups than 
by the 4-5 RL groups, F (1,304) = 110.1, p < 001. There are also signifi- 
cantly more anticipatory errors in the 2 than in the .5 groups, F (1,304) 
= 57, р < 09. This effect is due primarily to the 1-5 groups, and is 
actually reversed in the younger 4-5 groups; this 8 X RL interaction is 
significant at the .001 level, F (1,304) = 26.9. Anticipatory errors also 
decreased with age [F (3,304) = 19.8, р < .001], and with trial block 


Perseverative errors. А perseverative error is defined as the prediction 
of the preceding event (or the failure to predict the alternative event) 
when the probability of a run continuing ів zero, i.e., after а run of five 
events. The proportion of perseverative errors made by each of the 
experimental groups at each grade level may be seen in Fig. 2, and the 


.80 


RS 
ue 
о 


PERCENTAGE PERSEVERATIVE ERRO! 


K 


2 
GRADE 
as & function of grade 


i h B-RL 
Fic. 2. Percentage perseverative errors for each P 
combination. 


summary of the appropriate analysis in Table 1. The 1-5 RL groups 


made many more perseverative errors than the 45 groups, F (1,304) V 
48.7, p < 001. It is interesting to note that, with the total number 0 
trials equated at approximately 200, ups observed considerably 
more runs of length 5 than did 4-5 groups, and therefore, if practice was 
a factor, should have shown less, not more perseverative errors. 
‚ SAIL error _pfoportions yeported in the Results were computed by dividing the 
number of such errors. by the number of times such an error, could have oceurred. 
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Averaging over all grade and RL conditions, perseverative errors de. ' 


creased with a decrease in the Proportion of long runs from .5 to 23р 
(1,304) = 15.5, P < .001. A significant BXRL interaction, F (1,304) = 
4.9, p < .05, supports the interpretation that the B effect is due primarily 
to the large decrease in perseverative errors for the 2, 4-5 groups com- 
pared to the .5, 4-5 groups. Perseverative errors decreased significantly 
with age, F (3,304) = 14.7, p < .001. The decrease with age is primarily 
in the 4-5 groups, particularly the .2, 4-5 groups; the RL x; Grade and 
RLx Grade X 8 interactions are both significant; F (3,304) = 119, 
P < .001, and (3,304) = 6.4, p < .05, respectively. 

Repetitions at the uncertainty point. The proportion of repetition re- 
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Fra. 3. Percentage of repetition responses at the uncertainty point for each experi- 
mental group at each grade level, 


uncertainty point for each experimental group at each grade level. As 
the proportion of long run lengths decreased, the proportion of repe- 
titions at the choice point decreased, F (1,304) = 114.5, p < .001. There 
was an overall decrease in uncertainty point repetitions with age, F 
(3,304) = 8.8, p < 01. This was due mainly to a decrease with age in 
repetitions among the .2 groups, and particularly in the 2, 45 RL 
groups; the 8 X Grade and X Grade X RL interactions were both 
significant, F (3,304) = 85, p < 01, and F (3,304) = 4.5, р < .05. Not 
visible in the figure is a s ight increase in uncertainty point repetitions 
in the second block of trials, F (1,304) = 112, р < .001. This effect 


co A 


was almost entirely due to the increase in repetitions shown by the .5 7 
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groups in block 2, while the .2 groups made almost the same proportion 
of repetition responses at the uncertainty point in the two trial blocks; 
the BX Trial Block interaction was significant at the .01 level, F 
— (1304) = 8.9. At all ages, the proportion of repetitions Was always 

greater than the values of B, indicating а tendency tO predict the 


repetition of an event more often than it happens. 


Run curves. The run curves in Fig. 4 show the percentage of repetition 


responses ав а function of the length of the precedin 
| each grade level, for each of the four p-RL combinations. The measures 


100 
sor 
80 
70 


REPETITION RESPONSES 
ъ 
o 


PERCENTAGE 


i 2 3 4 5 j 
LENGTH OF PRECEDING RUN 
Fic, 4. Percentage of repetition responses аз & function of the Jength of the pre- 
h of the p-RL combinations. 


ceding run of events, for each grade level, for ead 


ly determine these curves, put Fig. 4 serves 88 
of the differences in sensitivity of the four age 
nd their differential sensi- 


all grade levels show 
following runs of length four, and а 


This finding becomes more 
i 2, 4-5 RL con- 


tivity to different sequences. 
a decline in repetition responses 
further decline following runs of length five. 
marked with age, and it is even more obvious m ће . 
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dition than in the .5, 4-5 RL condition. The 1-5 RL conditions shown 
in the bottom half of Fig. 4 reveal much less sensitivity to these se- 
quences at all grade levels, and this is particularly true in the .2,-1-5 
RL eondition, where runs are of length one 80% of the time. 


DISCUSSION 


The results of this experiment demonstrate that children are sensitive 
to more than just the last event in the binary prediction situation. Even 
the youngest age group was clearly picking up some information: about 
run lengths in some sequences; witness the negative recency (decrease 
in repetition responding with increasing run length) in the 2, 45 
sequence, and the much lower rate of repetitions after one event in 
the .2, 1-5 group than in the 5, 1-5 group. Errors of all types decreased 
ав age increased; the older children were better able to process in- 
formation about the event sequences, Indeed, the sixth graders demon- 
strated almost the same proportion of antieipatory errors as did college 
students run on similar sequences (Myers, Butler, and Olson, in press). 
Sixth graders made 7-33% more perseverative errors, however, and 
about 15% more repetition responses at uncertainty points, than did 
the college groups. 

16 is equally obvious that certain characteristics of event sequences 
are more salient than others. In general, there were more perseverative 
than anticipatory errors. Furthermore, all age groups were better able 
to follow 4-5 sequences than 1—5 sequences, and improvement with age 
was most clear with 4-5 sequences. Runs of length one are apparently 
difficult to process for Ss of all ages, especially when they predominate 
in a sequence. Even the sixth graders, presented the .2, 1-5 sequence, 
showed little knowledge about the length of the long run, or the pre- 
ponderance of single alternations. These effects of RL and В, and dif- 
ferences in anticipatory and perseverative errors are also typical of 
college students (Myers, Butler, and Olsen, 1969). Thus it appears 
that children operate in the same fashion as adults, if less effectively. 

Gambino and Myers (1967) have recently proposed a model for 


binary prediction behavior which predicts many. of the effects observed , 


above. They assume that runs of events are discriminative stimuli but 


that Ss cannot. discriminate perfeetly. Because of this imperfect per 
ception, reinforcement of the predietion that a run length will continue · 
or-break off may generalize and serve as reinforcement for the pre- 


diction of other run lengths. The degree of generalization is determined 


by the absolute difference between the reinforeed run length and thè 
particular other run length of concern. This view cai aecount for ће 
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greater number of anticipatory errors made by the 1-5 groups. There 
is one basic structural difference between the two sequences: In 1-5 
sequences the anticipation error points are sandwiched between two 
break-off points (ie. they can occur following runs of length 2, 3, or 
4), while in 4-5 sequences runs of length 5 are at least two points re- 
moved from the closest anticipatory error point (anticipatory errors 
can occur following runs of length 1, 2, or 3). Therefore, according to 
the generalization model, there should be more switching at anticipa- 
tory points in 1-5 groups than in 4-5 groups. The concept of à gen- 
eralization gradient over run lengths would also predict more per- 
severative errors in the 1-5 groups; the breaking off of à run of length 
one yields less generalized switching at 

the breaking off of a Tun of length four. The fact that differences in 
the error rates of 1-5 and 4-5 groups are more marked at B= 2 i8 


consistent with this account. 


The results would be equally well accounted for by the assumption 


that the primary source of confusion is miscounting, that is, that the 


subject misperceives the current run length and that only the probability 


associated with a run of the perceived length is influenced by the trial 
: most likely to be 


outcome. If it is assumed that the subject's count is m | 
off by а small amount, miscounting would produce results very similar 
to those that were attributed to generalization. 
probable that counting accuracy improves with ag 
would account equally well for the developmental changes. 
In summary, the ability to process structure 
improves continuously with age, an | 

experimental manipulation at all age levels, i 
i fectly discriminated stimuli, and 


model which views event runs as imper Я i i 
ity to discriminate 


attributes age level differences to differences in capac! 


among run lengths, provides & reasonable first account of the data. 
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Number and Color Responses in the Young Child” 


Rose GINSBERG 
San Jose State College 


Five-year-old kindergarten © jldren were taken through а successive 
discrimination task to which they could respond correctly either on the 
basis of number ОГ color. Subsequently they were shifted to а number- 
relevant, color-irrelevant; ог а color-relevant, number-irrelevant task. The 
results indicated that Ss in the pretransfer trials responded to the number 
and not to the color dimension. 

To ensure that Ss were responding to the number dimensio 


possible density Or form attributes, 9 second experiment was performed. In 
Experiment 2 the same aged children learned the Experiment 1 task, with 


number-only relevant, and the learners were transferre 


the more difficult. task only. All learners jn the experimental group trans- 
ferred successfully, but no Ss in the control group reached criterion. 
It was concluded that (a) 8s in Experiment 1 were responding 
number dimension and (b) if Ss сап respond to the number dimension ina 
very simple task, they will transfer successfully to the same dimension in ? 
task which is too difficult without the preewiteh practice. 


Recent studies have shown 
experimental situation, learn quite ийе 
and Ginsberg, 1962, 1963) and in tl 
teaching of number concepts is DOW commonly » 
garten level (Sets and Numbers, ; 
vestigations with this age group, OF 
focused on form, color, and sometimes size 
1966; Kagan and Lemkin, 1961; 1 
dimensions of а stimulus tradition 5 
for the preschooler. Lee (1965) included & number cone pt in 

gation of concepts in young children. sing à modified oddity task and 
five examples of each concept, Lee repo д 

(3-6 and 6-5) more errors were made with number than with color oF 
size. р 


1This study was performed when the investigator was at Q 

Kingston, Ontario, Canada, and Te supported by Mon 

605-5-373. The author thanks the Kingston. ard О 

in providing subjects from the Kingston Public Schools: 
205 


266 ROSE GINSBERG 


The present experiment makes a direct comparison of the prepotency 
of number and color in the five-year-old child. Initially the child is | 
presented with a series of stimuli to which he can respond correctly on 
the basis either of number or color. Subsequently he is transferred to 
a situation in which either number or color alone is relevant, and his 
performance on the transfer task is used to identify the dimension to 
which he was responding on the original learning task. 


METHOD 


Subjects 


The Ss were 48 kindergarten children (mean age 65 months) from 
two publie schools in Kingston, Ontario, Canada. None of the children 
had previously been exposed to a formal presentation of number con- 
cepts. Within each school, the children were randomly assigned to one 
of three groups, 


Apparatus 


The apparatus consisted of a 1615- X 13%-inch wooden screen with 
two 5- X 4-inch windows approximately at the young child's eye level 
when he was seated on a low chair. On S's side, 1 inch beneath each 
window, there was a small white reinforcement light with a response 
button on the base of the apparatus, 1 inch beneath and in front of 
each reinforcement light. The stimuli (a picture in each window) were 
presented on each trial by inserting (on E's side) an 8- X 11-inch card. 
Reinforcement was controlled by a lever on E's side and two response 
lights on E's side indicated which response S made on each trial. The 
source of power was a six volt battery. 


Design 


On each trial the child was presented with two pictures and was re- 
quired to press one of the response buttons if the pictures "went to- 
gether" and the other if they did not “go together." Following a correct 
button press, the reinforcement light immediately above the button went 
on. In all three groups on Day 1, the pictures “went together" if each 
Picture showed the same number of objects. In Groups 1 and 2, the 
"equal-number" pictures were also in one color, the “unequal-number” 
pietures in a different color. On Day 1 therefore, in Groups 1 and 2, 
both number and color were relevant and the child could respond cor- 
rectly on the basis of color or number. In Group 3 all pictures жеге 


=% 
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í black on & white background and the child could, presumably, respond 
correctly only on the basis of number. 

On Day 2; {һе procedure ior Group 3 remained unchanged, 80 that 
number was still the only relevant dimension. For Group 1 on the other 
hand, number was relevant and color irrelevant; for Group 2, color was 
relevant and number irrelevant. Table 1 summarizes the experimental 


design. 


TABLE 1 
EXPERIMENTAL DESIGN: ExPERIMENT 1 
Ss meeting Ss meeting 

Groups Day 1 criteria. Day 2* criteria 
1(N = 16) Number- and color-relevant 1 Number-relevant 9 
2(N = 16) Number- and color-relevant, 12 Color-relevant 0 
3(N = 16) Number only relevant 12 ‘As Day 1 12 

в Only Ss meeting criterion on Day 1 were taken through Day 2 procedure. 


Stimuli 


Six stamps were used to make 36 stimulus pietures—& triangle, 


circle, balloon, box, star, and cross with the pictures varied in size from 
the cirele (with a diameter of 1 inch) to the rectangle % xX 114-inches). 


Each of the two pictures presented on a single tri 


to three objects. On any one trial the objects presented jn the two pictures 
тее balls and three balls 


were the same so there might, for example, be th 
on one trial, on another trial two stars and one star and 80 00. 

With one to three objects in each pi 
combinations and each combination was represent 


objects. Of the “unequal-number Ў 
in the left-hand window, on 


objects was presented on half of the trials n d win 
the other half in the right-hand ‘window. In deference to Piaget's (1953) 
dinal equivalence on the basis 


suggestion that the younger child judges саг 


of the lengths of two rows of objects, the actual 1 ; 
objects presented in each pair of pictures was not consistent—the lesser 


number of objects in à pair of pictures of diffe 


times being the longer of the two. : 
Day 1. For half of the Ss in Group 1 and halt of the Ss in Слот A 


the objects in the “equal-number” pictures were red; M the “unequal- 
number” pictures they were blue. The colors were reversed for the 


remaining Ss. 
Day 2. The stimuli, on pay 2, were again identical for both Groups 
l and 2 but on this day half of the éequal-number” and half of the 
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"unequal-number" pictures were red, half were blue. Thus, using the 
same stimuli, either number alone or color alone could be reinforced, 
For Group 1 (number-relevant) “equal-number” pictures in blue or 
red were alway correct, for Group 2 (color-relevant) either blue or red 
” or "unequal-number") à 


was highly restrieted—ench block of Six trials including three "unequal- 
number" stimuli made up of one stimulus of the 1-2 or the 1-3 com- 
binations of objects, one of the 2—1 or 2-3 combinations and one of the 
3-1 or 3-2 combinations. 


Procedure 


with the ehildren in their classroom. When taking each child to the 
experimental room to "play a game," E made use of a prepared list of 


The child, in the experimental situation, was seated on а kinder- 
garten-size chair before a kindergarden-size table on which stood the 
apparatus. The E when seated on a low chair on the other side of the 
apparatus was hidden from S's direct view. The instructions—the verbal- 


the second stimulus, “incorrect,” Following the "incorrect" response S was 
required to make a correction response. For the next two pre-task trials 
half the children Were “correct” on Trial 3 and “incorrect” on Trial 4, 
with the reinforcement contingencies reversed for the remaining children. 
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case did a child refuse to “play” or become inattentive during the 
experimental sessions. 1 


RESULTS 


Day 1. Thirty-five of the 48 Ss met criterion on Day 1. There were 
11 learners in Group 1 and 12 in each of Groups 2 and 3. The mean 
number of errors for the learners in each of the Groups was 1.64, 2.00, 
and 1.62 for Groups 1, 2, and 3, respectively. Only those Ss who met 
criterion on Day 1 were subsequently taken through the Day 2 pro- 
cedure. 

Day 2. Group 1: Nine of the 11 learners reached criterion when 
number was relevant and color irrelevant. None of the nine Ss made any 
errors. Group 2: Of the 12 learners none reached criterion when color 


оо Number relevant 


veces caer rent 


aA 00! stimuli repeated 


rj 


E 


Proportion Correct Responses 
m. 
b 
« 
/ 


Blocks: of Syn ee | 
blocks of 6 trials (Experiment 1) for 


1. The data {ог the 3 groups are combined on 


Fra. 1. Proportion of correct responses over 
the 35 Ss who met criterion OR Day 
Day 1. 


was relevant and number was irrelevant. The mean number of errors 
3: All 12 learners reached 


for the 12 learners on Day 2 was 23.89. Group Я 
criterion on Day 2, on the same stim i Da 
errors. The proportions of correct resp! 
for the learners in the three groups are presen 
data from the three groups comb: ў 

no significant, difference between the number of correct responses for 
Groups 1 and 3, but for Group 9 that is the groups with color-relevant 
and number-irrelevant—the probability of a correct response remains 
at the 0.5 level throughout the 48 trials. 
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DISCUSSION H- 

The unequivocal findings in the present experimental situation, that 
with both number- and color-relevant, five-year-olds attended to the 
number and not the color dimension, was quite unexpected. The as- 
sumption that number is not a salient dimension for the young child is 
pervasive and although experimental evidence is slight it does provide 
some support (Lee, 1965). 

It is important therefore, to ask whether in the present experiment, 
the child can have been responding correctly on the basis of any other 
dimension than number, and in fact, there seems to be some rationale 
for suspecting that this may have been the case. On each trial the 
stimulus presented to the child (two pictures) was made up of the 
same objects. Where the objects within a trial are the same, there seems 


each picture, rather than to the number per se, In previous experiments 
Where the experimental task described here was used (Suppes and 
Ginsberg, 1963) the objects presented in апу one of the pair of pictures 
on each trial, were always different, so that, the only dimension on 


when it involved different objects within a trial was too difficult for 
the population of children of the present experiment. 

Experiment 2 was therefore designed to determine whether children 
who learned the task described in Experiment 1 were, in fact, 


reasoning is in accord with the "easy-to-hard" transfer phenomenon 
demonstrated by Lawrenee (1952) and confirmed by others (Baker and 
) 


EXPERIMENT TWO 

Subjects 

The Ss were 30 kindergarten children from two public schools. There 
were two groups, 18 Ss in Group 1, and 12 in Group 2, with an equal 
number of children from each school in each group. 
Stimuli 

"The. stimuli for Group 1 on Day 1 were those deseribed for Group 3 
in Experiment 1, that is they were made up of pairs of pictures, each 
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picture with from one to three objects. The objects were the same within 


а trial but differed across trials and all objects were black on a white 
background. 

The stimuli for Group 1 on Day 2, and for Group 2 were the same. , 
They were made up of pairs of pictures with each picture consisting of 
from one to three objects, but in this case all the objects in any one pie- 
ture were different from each other. Eight different stamps Were used to 
make the stimuli—a circle, triangle, rectangle, stick man, star, cross, and 
box. The height of the two new objects (stick man, and box) were 1% 
inches and ¥4 inch, respectively. Sixty different pairs of pictures were 
prepared and over all stimuli each object appeared approximately equally 
often. A different sequence of stimuli was use! for each child and the 
highly restricted randomization deseribed in Experiment 1 was used in 
preparing each sequence. 


Procedure 


The same apparatus and the same detailed experimental procedures 
were used as described for Experiment 1. On Day 1 the 18 Ss in Group 1 
were taken through 48 trials or to criterion on the simple Day 
On Day 2 the learners from Day 1 and all Ss in Group 2 were taken 
through 60 trials or to criterion on the more difficult stimuli. Sixty trials 
were used with the more difficult stimuli because the task h f 
in previous pilot work to be extremely difficult for kindergarten children 
in schools in the same district—the majority of the pilot children failing 
to reach criterion in 60-trial sessions ON each of three successive days. 


DAY 2 


onses 


Proportion Correct Resp! 


EER ЕЛИ ула Оне 
Blocks of 6 Trials 


Fic. 2. Proportion of correct responses over blocks of 6 trials (Experiment 2). 
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RESULTS 


Of the 18 Ss in Group 1, 15 met criterion on Day 1 and of these 15 all 


met criterion on Day 2 on the more difficult stimuli. Of the 12 Ss in 
Group 2, none met criterion in 60 trials on the more difficult stimuli. 
Figure 2 presents the proportion of correct responses over blocks of six 
for the two groups. 

From Fig. 2 it can be seen that whereas the probability of a correct 
response in Group 2 remains around 0.5 throughout the 60 trials—in 
Group 1, by trial 24 the probability of a correct response is better than 
0.9. 


DISCUSSION 


Again the experimental results are unequivocal—successful transfer to 
the task in which, as far as one can see, number is the only relevant 
dimension, suggests convincingly that Ss were, in fact, attending to the 
number dimension in the pretransfer trials. And if number is the pertinent 
dimension in Experiment 2 it seems reasonable to conclude that Ss in a 
similar situation in Experiment 1 responded to the same dimension. 

The findings that Ss in Experiment 1 learned number rather than color 
when both dimensions were relevant are not entirely congruent with 
Lee's (1965) results. Lee's Ss made more errors in utilizing number than 
color, but Lee of course used only five trials per concept as compared to 
the long series of learning trials in the present experiment. More im- 


to successive, but not to simultaneous discrimination. 
Two other factors remain to be considered. In the first place, the in- 


$ 


ee 
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In any case whether density is or is not a prepotent dimension—an 
interesting possibility, but one which the present experiments do not 
explore—it remains clear from the evidence presented that in the appro- 
priate situation, number can be an unexpectedly salient dimension for 
the five-year-old. Perhaps the fact that number is commonly observed 
to be a difficult dimension for the young child reflects not the young Ss’ 
inability to deal with the principle involved, but rather the inappropriate 
nature of the task. 
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Cross-modal Transfer of а Discrimination 
by Retarded Children! 


JEROME SMITH AND JEFFREY TUNICK 
University of Connecticut 


mental level as well as type of task. 

The role of phylogenetic level has been demonstrated by the failure to 
find cross-modal transfer in monkeys by Ettlinger and his associates 
(Ettlinger, 1960; Burton and Ettlinger, 1961) and the presence of cross- 


tsity of Connecticut Research 
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pend upon verbal mediation while concept-transfer tasks do. The role of 
verbal mediation is stressed by Ettlinger (1960), and Hermelin and 
O'Connor (1961) as well. Indeed Hermelin and O'Connor point to the 
failure of their retarded subjects to transfer recognition of unfamiliar 
forms eross-modally as evidence for the need for verbal labels. 

While verbal mediation has been successfully used as an explanatory 
concept in the discrimination learning of children (Kendler and Kendler, 
1959), other mediational concepts have also been proposed. Zeaman and 
House (1963), for example, have described an Attention Theory which 
specifies a two-stage process of retardate learning: A first step in which 
an observing response to à stimulus dimension is made, and a second step 
in which an instrumental response to a specifie cue within the dimension 
is made. The term cue refers to à specific characteristic of one of the dis- 
criminanda. In a two choice situation requiring the choice of triangle as 
opposed to a square, square and triangle are cues. Both square and tri- 
angle, however, have something in common, they are members of a 
broader class which might be called geometric form. Zeaman and House 
regard form as à dimension. “Dimensions are broad classes of cues having 
a common discriminative property” (Zeaman and House, 1963). While 
the isolation of psychological dimensions is а psychophysical task which 
is far from complete, the gross distinctions made by Zeaman and House 
have proven valuable in retardate visual-discrimination-lenrning (Zea- 
man and House, 1963; House and Zeaman, 1963) and in the tactual- 
kinesthetic discrimination of retardates as well (Brown and Smith, 1967). 
Indeed, mediation through an observing response has provided a useful 
alternative to verbal mediation (Shepp and Turissi, 1967). The present 


study, therefore, is designed within the framework of observing response 


mediation. 
whether the retarded child can transfer across 


The question posed is à И 
sense modes information about specific cues, stimulus dimension or both? 
hether retardates, who 


On a theoretical level it is of interest to discover w 
can transfer dimensional and cue information within a sense mode 
(Zeaman and House, 1963) can do so between sense modes. If retardates 
fail to transfer any jnformation across modes, the generality of Attention 
Theory may be questioned. On an empirical level, further specification of 
the amounts and types of cross-modal transfer in à retarded. population 
should prove profitable on two counts: (1) Providing more information 
about cross-modal transfer in general, and (2) possibly pointing to an 
area of retardate deficit worthy of more extended investigation. 

The present study examines the performance of retarded children on 
the transfer of a two-choice discrimination from {һе visual to the tactual- 
kinesthetic (active touch) modes and conversely from the tactual- 


276 SMITH AND TUNICK 


kinesthetie to the visual. The independent variables of interest are the 
direction of transfer, whether the information can be transferred in terms 
of dimensions or cues, or both, and the kind of dimension relevant to 
task solution. Since the conditions resulting from the number of variables 
investigated and the appropriate control conditions are large (12), a min- 
iature experiment design (House and Zeaman, 1963) is employed. The 
miniature experiment uses each S as his own control, a small number of 
trials per problem and many problem repetitions, providing an efficient 
technique for the study of several variables within the same experimental 
situation, 


METHOD 
Subjects. Ss were twelve institutionalized retardates, Six of these were 
unable to meet pretraining criteria leaving an N of six males for the ex- 
periment proper. Mean MA, CA, and IQ were 85 months, 147 months, 
and 58, respectively. 
Apparatus. S's were run on а modified Wisconsin General Test Appara- 


chamber containing the reinforcement wells was pushed toward S per- 
mitting visual inspection of the stimulus objects. On visual trials both 


cues accompanying visual cues. 
The discriminanda were plastic equal volume geometrie forms, All 
mbinations of six forms (cone, sphere, pyramid, cube rectangular 
solid, and cylinder) and four textures (smooth, foam rubber buck-shot, 
and rough sandpaper) were used, providing a pool of 24 stimulus objects. 


Procedure 
In all phases of the experiment correct responses were reinforced with 


anM&M candy and a verba] “good” from E. Incorrect responses were 


followed by a “по” from E Non-correc: i was 
. ti 7 used 
у y Aon procedure we 1 


же 
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any given problem type within 125 trials S was excluded from the experi- 
ment. If, after reaching criterion twice, single day solution was not 
achieved, S was dropped. 

The pretraining problems included: one visual junk and one TK junk 
problem, one visual problem using the experimental objects with both 
texture and form relevant, à TK problem of the same type, two visual 
problems one with form relevant and one with texture relevant, and two 
TK problems of the same type. Irrelevant dimensions were variable in 
all problems. 

Testing. A miniature experiment technique utilizing each subject as his 
own control and requiring the administration of several problems each 
day was employed. Each S was given 12, four-trial problems daily for a 
period of 30 days. There were 12 problem types and each of the 6 Ss re- 
ceived 30 repetitions of each problem type, providing a total of 180 
measures for each trial of each problem. All 12 problem types were pre- 
sented in a daily session in a random order. ‘After the fourth trial of each 
problem S was told: “We have finished this part of the game and we are 
going to start another part.” Six random orders were presented five times 
each over the 30-day testing period. 

Before beginning a daily experimental session each S had to reach а 
criterion of 7 correct consecutive responses in 15 trials of warm-up prob- 
lems, Two warm-up problems, one visual and one TK, with both texture 
and form relevant were presented. If S failed to reach criterion on warm- 
up, he was excused from the session and brought back the next day. 

The 12 problem types consisted of 8 experimental and 4 control prob- 
lems. The variables manipulated were: Type of transfer (dimensional, 
cue, or control), direction of transfer (visual to TK vs TK to visual), and 
dimension relevant to solution (texture or form). Table 1 presents the 
problem types and Table 2 provides examples of the four-trial problem. 


Table 2 shows that experimental problems required two trials in one 


sense mode and two in the other, while the control problem presented all 

problems utilize the same 
problems change the cues 
Js. The only information available for trans- 


fer across modes in the dimensional problem is which dimension is rele- 
blem were randomly 


vant to solution. Relevant cues for any single pro 
selected with the restrietion that the cues of the first two trials of any 
problem differed from the last two of the preceding 
vant cues were selected in similar fashion. The position of the correct cue 
and the positions of the irrelevant cues were randomly assigned with the 


restriction that no sequence 0 
permitted. 
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TABLE 1 
EXPERIMENTAL DESIGN AND NUMBER CORRECT RESPONSES 
ON TRIALS THREE AND FOUR 


Problem Direction of Relevant Trial Trial 
type Type of transfer transfer dimensions 3 4 
Ше тт VE 
I Dimension ^ а Form (93) (91) 
m | Маанаке Ee (9) (1 
III y З Form (87) (77) 
IV TX to yin. ло, (97) (102) 
у Cue ; E Form (132) (129) 
VI ER Eds pe (140 (м7) 
VII 7 5 Form (124 (123) 
ҮШ Т-К to Visual [sica (14) (137) 
IX а None Form (134) (140) 
Visual cont 
z а опао [one Texture — (147) (153) 
None Form (131) (121) 
T-K Control — 
XII Contra рее Texture (148) (143) 


RESULTS 


TABLE 2 
ILLUSTRATIYE PROBLEMS 
Dimension (Т) Cue (V) Control (XI) 
اوا‎ 
Sense Sense Sense 


Trial mode Cues mode Cues mode Cues 
+ + + = 


н HO ' EO x mo 
y L6. v "ne^ qx пө 


=. » 
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sion, cue, or control), sense mode (V or TK), relevant dimension (form 
or texture), trials (3 or 4) and subjects. A significant effect of problem 
type F = 36.25, df 2,10, р < 001 was found as well as a preference for 
texture as opposed to form relevant (F = 12.31, df 15, p < .025). No ef- 
fects of sense mode which represented the direction of transfer (V to TK, 
or TK to V) was found, nor was the performance on Trials three and four 
significantly different. None of the interactions approached significance. 

Since no effects of transfer direction were found and since the dimen- 
sion-relevant differences were not accompanied by а significant inter- 
action of that factor with any of the others, these variables along with 
the subject variable were collapsed to provide the function of problem 
type by trials presented in Fig. 1. Number correct has been converted to 
percent correct in this figure. 


PERCENT CORRECT 


o————odimension 
о-----Осче 
o— ——acontrol 


TRIALS 


Fic, 1, Percentage correct for dimensional transfer, cue transfer, and control 
problems. 


Figure 1 reveals that performance on the dimensional problem remains 
close to chance throughout all four trials while both the cue-transfer and 
control problems rise to almost 80% on trial three and remain there for 
trial four. 

Orthogonal comparisons among the levels of the problem type factor 
reveal a significant difference between the cue-transfer and control prob- 
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lems on the one hand and the dimensional-transfer on the other (F — 518, 
df 1,10, p « .001) but no difference between the cue and control problems 
(F = 4.1, df 1,10, p > .05). 


DISCUSSION 

The evidence for cross-modal transfer of a discrimination by retardates 

appears clear-cut. When the same cues are involved (cue-transfer) the 
transfer of problem solution across modalities is as good as performance 
in control problems which require the use of the same sense mode through- 
out. When only information about the dimension relevant to task solution 
is available (dimension-transfer), no evidence for transfer is obtained. 
In light of the high level of cross-modal transfer for like-cue situations 
this lack of dimensional transfer is surprising. The question of*whether 
the retarded child can transfer dimensional as well as cue information 
is of importance to a theory, like Attention Theory, which postulates a 
two stage process: Observation of the relevant dimension followed by in- 
strumental response to the correct cue. If S is looking at or feeling two 
objects differing in both texture and form, and if only one of these dimen- 
sions is relevant to task solution, Attention Theory predicts chance per- 
formance unless the relevant dimension is observed. Since our S’s were 
performing well above chance in the cue transfer situation (Fig. 1) they 
must have been observing the dimension relevant to task solution when 
switched to the new sense mode, Yet they demonstrated no cross-modal 
transfer of dimensional information in the situation in which the same 
dimension was relevant in both sense modes but the cues were changed 
(dimension transfer, Fig. 1). This discrepancy between cue and dimension 
transfer is not easily explained in terms of observing response mediation, 
although a general statement in terms of verbal mediation may be made. 
It is possible that labels for the specific cues employed in the experiment 
(“ball,” “cone,” "rough," “smooth,” etc.) are more readily available to 
the S than are labels for the common characterization of the discrimi- 
nanda (“form,” "texture"). In this case cue-transfer might be facilitated 
while dimension-transfer might not. 

While the failure to find dimensional transfer is not easily explained 
by Attention Theory as we have described it, it can be handled within 
the Zeaman and House theoretical structure. The theory is composed of 
several mathematical models of two-choice discrimination, each differing 
to some extent in the basic assumptions about how the retarded child 
deals with a two-choice problem. The primary model assumes that the 
child observes only one dimension at each trial. It is this “one-look” 
model which we have applied to our data, and which is faulted by the 
failure to find dimensional transfer in the presence of a high level of cue 
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transfer. Suppose; however, that the child can observe both texture and 
form on each trial and does so regularly. Providing dimensional informa- 
tion without cue information would prove of little value. Yet, this was 
the situation in the dimension-transfer condition. A “éqnultiple-look” 
model has been proposed by Zeaman and House (Zeaman and House, 
1963; House and Zeaman, 1963) which does permit observation of more 
than one dimension on each trial. Such a model may be more appropriate 
for our data, especially since S’s were given extensive pretraining jn bo! 
texture and form observation to facilitate performance in the four-trial 
experimental problems. 

Retarded children can transfer discriminations across sense modes. 
Whether they can transfer jnformation in terms of dimensions; however, 
is still an open question. A conventional trials-by-subjects design may 
provide the answer, and would appear worth pursuing. 
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Sucking in the Newborn during a Feed 


JUDITH DUBIGNON AND Ducar CAMPBELL! 
Queen's University, Kingston, Ontario 


Sucking throughout the feed remained uniform until the end of the last 
quarter when а reduction in frequency of sucking, time Spent sucking, and 


such study the data Suggested that nutritive Sucking during a feed is 
different from nonnutritive sucking, It Was found that the delivery of 
small amounts of dextrose brought about immediate changes in pattern 
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of sucking: the infants sucked more slowly and gave longer bursts of 
sucking. Naturalistic observations of breast and bottle feeding suggested 
that these changes in pattern of sucking became even more marked dur- 
ing feeding. In the same study significant changes in heart rate were 
found to accompany sucking (Dubignon and Campbell, 1968b). 

The present experiment was designed to examine further the hypothe- 
sis that the stimuli provided by nutritive fluids are significant determi- 
nants of sucking. The earlier observations led to the prediction that the 
differences found between nonnutritive sucking and sucking for small 
amounts of dextrose would become more marked during a feed. Second- 
ary aims were to provide data on the regulation of food intake by. the 
newborn, the effects of fatigue and satiation on nutritive sucking, and 
changes in heart rate during feeding. 


METHOD 


Sucking was measured under three conditions: first, nonnutritive suck- 
ing when no fluid was given to the baby; second, when small amounts 
of dextrose fluid were delivered; and third, throughout a bottle feed. The 
order of nonnutritive and dextrose conditions was not varied as it has 
been shown that the order of trials has no significant effect on the suck- 
ing elicited in each condition (Dubignon and Campbell, 1968b). 

Subjects. Twenty-four full-term babies (12 male, 12 female) were seen 
during the third or fourth days of life (mean age: 70 hours; SD 12.1). 
All the babies were bottle-fed infants of multiparous mothers, and had 
no known or suspected pathological condition. Й 

Apparatus. The apparatus gave measures of sucking behavior and 
heart rate from infants held in the ordinary feeding position. The device 
used to measure sucking (Fig. 1) was designed to record two components 
of sucking behavior: expression, or the positive pressure created when 
the baby approximates his gums and elevates his tongue, and suction, or 
negative pressure produced when the baby lowers his tongue and bottom 


jaw. Pressure changes produced by suction and expression were moni- 


tored by two pressure transducers and written out on two channels of a 
fore each experimental session, the 


polygraph using DC preamplifiers. Be : de 
apparatus was calibrated by applying standard negative and positive 
pressures to the nipple. : 

During the feed a rotary pump moved the milk along the delivery 
tube. The action of the pump was controlled by a trigger circuit fired 
by the polygraph; for half of the group (12 infants) the pump was trig- 
gered by expression responses and for the other half by suction responses. 
The aim of the experiment was to record normal sucking behavior during 
a feed that closely resembled а natural bottle feed. Accordingly, the 
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minimum pressures that triggered the Pump (—20 mm Hg for suction 
and 4 mm Hg for expression) were set very low to avoid influencing 


An EKG was taken from electrodes on the baby’s chest and back, 
These led to two channels of the Polygraph that Tecorded both the 


2 CHANNEL FOLEY S 
CATHETER 


77. TZ 
EMI AAA 
ja 
A рые GLUED To 


PLASTIC DISC 


TUBE TO RECORD PRESSURE 
/ CHANGES WITHIN NIPPLE 
/ [EXPRESSION] 


TUBE TO RECORD INTRA“ ORAL 
PRESSURE CHANGES [suction] 


Fra, 1. Diagram 9f nipple adapted to deliver fluid and to measure the suction and 
expression components of Sucking, 


А in а carry} 
Perimenter (B1). B1 held the baby in the norm 
in the crook of the left arm with the а 
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position for 2 minutes. During this time only а heart-rate record was 
made. Immediately afterwards the baby was given a nipple, and once 
this had been aecepted, 2 minutes of nonnutritive sucking were recorded. : 
After this first trial, a syringe filled with a 5% dextrose solution (tem- 
perature approximately 35*C) was attached to the delivery tube of the 
catheter so that during the second trial E2 delivered .5 се of dextrose 
for every tenth suck counted by El. The dextrose trial followed the 
nonnutritive trial by approximately 30 seconds and also lasted 2 
minutes. 

During the third part of the experiment, expression, suction, and heart 
rate, were recorded while the baby was given its usual milk feed by 
means of the pump. Z1 held the baby as before and signalled: (i) pres- 
entation and acceptance of the nipple, (ii) her count of sucking and, 
(iii) withdrawal of the nipple when burping was necessary. During 
burping periods the polygraph was switched off and the length of these 
periods was noted on the record before the feed was resumed. When the 
baby rejected the nipple, the bottle was removed from the pump-delivery 
mechanism; the amount of milk consumed and time taken over the feed 
was noted. The infant was offered what remained of the feed directly 
from the bottle, heart rate was recorded, and El continued to count 
sucks if the baby sucked at all at this point. When the nipple was finally 
rejected, any additional amount taken was noted and heart rate was 
recorded during a final 2-minute rest period. The baby was weighed and 
returned to the nursery. 

Scoring and analysis. Scoring criteria were calculated for each chart 
so that every record could be scored in terms of a standard preamplifier 
sensitivity setting on the polygraph and а “standard” nipple. The mini- 
mum standards for scoring pressure changes corresponded to a pressure 
of +20 mm Hg for suction and 4 mm Hg for expression (cf. Dubignon, 
1967). 

The first 2 minutes of the feed were treated as a 2-minute trial com- 
parable to the non-nutritive and dextrose trials. The last 90 seconds of 
each 2-minute trial were scored to avoid the initial burst of sucking at 
the ‘beginning’ of each trial. The following scores were made for both 
expréssion and suction: (i) a count of the number of responses above ` 
criterion amplitude; (ii) time spent responding during the 90 seconds 
(the criterion for time out from responding was any preak in the record 
longer than. 1 second) ; (iii) rate (calculated from the first two measures 
b¥ dividing the time spent responding into the count); (iv) the ampli- 
tüde'of every fifth response; (v) expression/suction ratio (calculated by 
dividing the suction count into the expression count); and, (vi) the 
observer’s count for each 2-minute trial was recorded. 
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were taken as in the three earlier trials. Heart rate and heart-rate range 
were scored for the same four periods with the addition of a further score 
for the last 45 seconds of the final rest period. 

The influence of fatigue on sucking during the feed was examined by 
scoring additional 45-second sections of the records before and after the 
first and last burping periods; this was done for half of the group 

Ns 


before analysis, 

Reliability of scoring. The reliability of polygraph scores was exam- 
ined by having ten records scored independently by two scorers (r=1.0 
for counts, r= .99 for time spent sucking, and r= .99 for amplitude 
Scores). The method of Scoring amplitude was checked for reliability by 
taking ten records and scoring every response. The mean amplitudes 
obtained in this way were correlated with the means obtained from 
scoring every fifth response (r — 97). 


———H >, 


——— e 


SUCKING IN THE NEWBORN 287 


TABLE 1 
MEAN AND RANGE OF Scores FOR MEASURES or SucKING BEHAVIOR | 
Mean Range 
Suction count/minute 49.77 5-87 
Expression count/minute 53.58 14-87 
Suction time/minute (seconds) 37.96 4—58 
Expression time/minute (seconds) 40.16 13-59 
Suction rate per second of sucking time 1.326 951-1.976 
Expression rate per second of sucking time 1.351 .8908-1.807 
8 (mm Hg) —82.0 — (20-185) 


uction pressure 
Expression pressure (mm Hg) 23.5 5-48 


Treatment effects. The mean scores for expression and suction under 
each treatment for all six measures are summarized in Table 2 together 
with F values. Duncan’s Multiple Range tests were used to test the dif- 
ferences between the individual means. 


Sucking counts. тһе introduction of dextrose on the second trial led 


to а sharp drop in expression count followed by à return to the non- 
same effect was 


nutritive level during the feeding trial (p < 105). The есі 
found in the observer's count (p < 05). The suction count varied in the 
same direction across trials but the effect was not significant. 


TABLE 2 
сстох ON EACH "MEASURE 


TREATMENT MEANS FOR Expression AND 5 
Non- 


nutritive Dextrose Feeding 


Measure trial trial trial 


Sucking counts (in 90 seconds) 
Suction count 
Expression count 
Observer’s count (for each 2-minute trial) 


79.4 10.3 74.2 1.55 
85.4 72.7 83.0 4.50* 


Sucks per second 1941 .814 .901 3. 60* 
Time spent sucking (in 90 seconds) 
Suction time 50.7 38 64.3 7.98** 
54.9 56.3 69.5 14.06*** 


Expression time : 
Sucking rate (per second of actual sucking time) 
Бр бы О 18.99*** 


Suction rate 05 m 

Expression rate 1.54 1.30 a 5E 

Amplitude of responding (mm) 

Suction amplitude 9.19 10.78 10.92 10.30** 
Expression amplitude 9.91 11.19 8.98 2.50 


‘Expression/suction ratio (over 90 seconds) 


жр < 105; **p < 01; ae p < 001. 
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ratio of the two components of sucking during the three trials, The ratio 
was always greater than 1, showing that the expression component ap- 


remained the same, 
Sucking behavior during the feed. The mean scores for exp: 


significantly lower (p< :001) during the last, quarter of the feed than 
in the first three quarters in which the counts did not differ, The ob- 
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ucking behavior before and after burping, The mean scores for the 

main effects are shown in Table 4 together with F values. There were 
no significant interactions, 

Before and after burping. The sucking counts for suction and expres- 


< .025) and ex- 
pression time (p< :005). "There Were no Significant differences before 


First and last burp, At the time ОЁ the first burp Sucking counts for 

oth expression (р< 005) and Suction (5 < :025), and time spent in 
Suction (р < 01) were higher than at the last burp, Time Spent in ex- 
Pression varied in the Same direction but dig not reach Significance. 
There Were no Significant, differences between Sucking tates at the first 
and last burping Periods, 

In Summary, these results show that after а burping Period the infants 
increased the time spent sucking and showed 4 Corresponding increase 
in Sucking counts. The Tecovery after a Test was 48 great in the early 
Part of the feeq Аз toward the end of the feed. Toward the end of the 
feed (last burp) sucking counts and time Spent Sucking dropped off as 
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TABLE 4 
1 Брскіхо Scores IN RELATION TO Кеѕт PERIODS 


Mean sucking scores before and after burping periods 


Before After F p 
Suction count (45 seconds) 30.04 41.54 13.99 < .005 
Expression count (45 seconds) 38.17 46.54 15.78 «.005 
Suction time (45 seconds) 24.79 34.50 8.97 <.025 
Expression time (45 seconds) 30.88 38.31 14.75 < .005 
Suction rate (per second) 1.166 1.225 — NS 
Expression rate (per second) 1.257 1.223 -- NS 


Mean sucking scores at first and last burping periods 


First Last F р 
Suction count (45 seconds) 42.21 29.38 9.53 «.025 
Expression count (45 seconds) 45.92 38.79 18.11 < .005 
Suction time (45 seconds) 35.23 24.06 11.29 <.01 
Expression time (45 seconds) 36.42 32.77 3.11 NS 
Suction rate (per second) 1.197 1.194 — NS 
Expression rate (per second) 1.277 1.204 1.50 NS 


compared with the early part of the feed (first burp) but sucking rates 
did not change. 

Li Heart-rate changes. The mean heart rate and heart-rate ranges scored 
over 45-second periods under the various conditions are plotted in 
Figure 2. Time spent sucking (expression) is shown at the top of the 
figure. For the quarters of the feed, time spent sucking in 45 seconds has 
been doubled to give scores comparable with those for the 90-second 
trials. Analyses of variance were carried out on the heart-rate measures 
for the eight conditions (excluding the scores for the feeding trial, which 
were identical to those for the first quarter of the feed). Highly signifi- 
cant differences were found between conditions (p < 001) for both heart 

© rate апа heart-rate range. Multiple range tests revealed that: (i) during 

feeding (all four quarters) heart rate was faster than during non-nutri- 
tive sucking or initial and final rest periods; (ii) during feeding (quarters 
two and three), heart rate was faster than during the dextrose trial; 

(iii) during the first three quarters of the feed heart-rate range wat 

lower than during either rest period; and (iv) during the first half of 

the feed, heart-rate range was lower than during the last quarter of the 
feed or non-nutritive and dextrose trials. 

In summary, these results show that during nutritive suc 
rate increased sharply and moment-to-moment variation in 


king heart 
heart, rate 
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DISCUSSION 


This experiment was designed to compare Sucking under conditions 
that were thought to represent progressive 4pproximations to a bottle 


showed that the differences could have arisen by chance. Eight of the 


who often take more from the bottle when it is offered them by an ex- 
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perienced nurse at the end of a feed. Thus, despite a tendency to require 
a longer time, the pump feed provides a facsimile of bottle feeding. 

These findings clear the way for an examination of the first hypothe-, 
sis, namely: that nutritive fluids are significant determinants of sucking. 
The results reinforce the conclusions drawn from an earlier experiment 
(Dubignon and Campbell, 1968b): when nutritive fluid is delivered, 
marked changes in the pattern of sucking occur. It should be noticed 
that an analysis based upon sucking counts would show a significant 
drop in expression scores when dextrose was introduced on the second 
trial followed by a return to the non-nutritive level in the first 2 minutes 
of the pump feed. However, these shifts in eount follow from a change 
in the over-all pattern of responding: the rate of sucking, for both ex- 
pression and suction, fell when dextrose was introduced in the second 
trial and became even slower during the first 2 minutes of the feed. (In 
this context, rate means the rate of expression and suction responses per 
second during the intervals of time when the baby was actually sucking). 
The fall in rate was offset by an inerease in time spent sucking when 
dextrose was introduced and a further increase during the feed. As pre- 
dieted, during the feed the changes in pattern of sucking, which had 
already been observed to take place immediately on the addition of 
dextrose to the array of intraoral stimuli, were exaggerated. 

The order in which the non-nutritive, dextrose and feeding conditions 
were presented must be considered in interpreting these results. It has 
been shown previously that the order of non-nutritive and dextrose trials 
has no effect upon the sucking patterns elicited under each condition 
(Dubignon and Campbell, 1968b). In the present study it was not pos- 
sible to vary the order of feeding and dextrose conditions because, after 
a feed, it is difficult to elicit sucking reliably. In a recent study sucking 
ior small and equal amounts of milk and dextrose has been compared 
when the order of trials was counterbalanced. Milk elicited higher suck- 
ing counts and more time spent sucking and both these effects were inde- 
pendent of the order of trials (Dubignon and Campbell, 19680). It is 
therefore improbable that the order of conditions in the present experi- 
ment contributed significantly to the changes in pattern of responding. 

An experiment based upon sucking counts alone would have led to the 
conclusion that non-nutritive sucking and sucking during a feed do not 
differ. One practical consequence of these results is that the study of 
sucking in relation to changes in stimulating conditions should be based 
upon measures that are more analytical than а sucking count taken over 
a speeified length of time because a count alone does not do justice to 
changes in the pattern of responding. 

The findings agree with those of Halverson (1923). Sameroff (1965), 
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used to deliver milk. 

Before framing any conclusions Tegarding the differences found be- 
tween the three treatments it is instructive to re-examine the sucking 
rates: 


Non-nutritive Dextrose Feeding 
Suction rate 1.55 1.26 1.16 
Expression rate 1.54 1.30 1.21 


The major change in rate took place between the non-nutritive and dex- 
trose trials and а smaller drop occurred during feeding. The average 
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any change in sucking rates. Similarly, there were no changes in sucking 
rates before and after burping periods. It seems plausible to argue that 
the sucking rate is primarily under the control of intraoral stimulation 
while the probability of sucking is controlled by other factors as well. 
Thus a baby, given a feed, will react to satiation, not by sucking more 
slowly, but by sucking less of the time. 

Both fatigue and satiation must be considered in interpreting the 
changes in sucking behavior that occurred at the end of the feed. Studies 
of non-nutritive sucking over long periods (10-15 minutes) have shown 
that work decrements are small and that there is complete recovery of 
initial sucking levels given a 1-minute rest period (Levin and Kaye, 
1964, 1966). These findings are confirmed in the present study of feeding. 
Examination of time spent sucking and mean sucking counts for the 
first quarter of the feed and after the last burping period reveals that 
the infants showed almost complete recovery of initial sucking levels 
after rest. 


Suction Expression Suction Expression 
count count time time 
First quarter of feed 36.46 42.25 30.04 34.63 
After last burping period 33.92 41.58 28.63 85.54 


The increase in time spent sucking and sucking count after burping 
can be construed as recovery from fatigue. This recovery was as large 
in the early part of the feed as it was toward the end of the feed. On 
the other hand, it appears that increasing satiation is responsible for the 
decrease in time spent sucking and lower sucking counts at the time of 
the last burp as compared with the first burp. It will be remembered that 
during the last quarter of the feed the part of the record scored was the 
final 45 seconds of sucking. After a further rest the infant refused to 
accept the nipple. It therefore seems likely that satiation and fatigue 
are jointly responsible for the changes in sucking behavior that were 
observed at the end of the last quarter of the feed, while the refusal to 
accept the nipple after a further rest may be attributed to satiation 
alone, 

The uniformity of sucking performance during the first three quarters 
of the feed stands in contrast to decrements in non-nutritive sucking 
after the consumption of amounts of fluid as small as 10-20 co (Kaye, 
1966). These effects were interpreted as due to satiation. In the present 
study no decrement in responding was observed until 60-90 сс of fluid 
had been consumed. Two interpretations of these findings are possible: 
either small amounts of fluid in the stomach have different effects on 
nutritive and non-nutritive sucking, or the decrement found by Kaye 
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tional stimulation of fluid in the mouth. 
The change in expression/suction ratio at the end of the feed indicates 


Throughout the feed the trigger was set to fire for low-amplitude re- 
Sponding, so that milk was delivered for every sucking response, The 


To sum up, non-nutritive sucking has been shown to differ from 
nutritive sucking on five of the six measures of sucking investigated in 
this study. In Most cases, the differences were shown in both the suction 
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nutritive fluids are significant determinants of sucking. The differences 
between non-nutritive sucking and sucking during a feed make it clear 
that investigations that are intended to have implications for the feeding 
of the newborn should be carried out in a nutritive setting. The earlier 
finding that non-nutritive sucking frequency is in part determined by the 
characteristies of the nipple cannot be generalized to infant feeding with- 
out further study. 

Sucking behavior throughout a feed remained fairly uniform until the 
end of the last quarter when a decrease in sucking counts, time spent 
sucking, and suction amplitude, as well as a reduction in the frequency 
of the suction component of sucking marked the end of the feed. No cor- 
responding changes in sucking rate were found, which suggests that this 
measure of sucking may be primarily under the control of current intra- 
oral stimulation. 
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The Effects of Time-Out from Positive Reinforcement on 
the Operant Behavior of Preschool Children! 


Вовевт Н. WILLOUGHBY 
University of Massachusetts 


Sixty preschool children participated in two experiments testing the sup- 
pressive effects of time-out from positive reinforcement (TO). In Experi- 
ment I a lever press was reinforced on a VI schedule with a 10-second TO 
administered after every seventh response (FR7). When the punished re- 
sponse was the only one available, TO depressed response rate by approxi- 
mately 25%. However, this suppression was of relatively brief duration. 
With the introduction of an unpunished alternative, TO produced complete 
and lasting suppression. In Experiment П a response preference was estab- 
lished by reinforcing responses on one lever more frequently than those on 
another and then punishing responses on the preferred lever with a 10- 
second TO. Results showed that under punishment by TO the formerly 
unpreferred lever was chosen even though the frequency of reinforcement 
for the two levers was identical. 


When positive reinforcement is withheld, the frequency of the rein- 
forced response decreases; if an external stimulus is selectively associ- 
ated with this nonreinforcement, then the response rate can be shown to 
decrease in the presence of that stimulus. Such a stimulus may be 
designated a time-out (TO) stimulus, and the length of its presentation 
a time-out period. In the majority of early operant investigations, TO 
was limited to a period separating the organism’s opportunity to respond 
for reinforcement (Ferster and Skinner, 1957). However, more recent 
research has shown that TO may also be used to control the frequency 
of a given response by arranging it as a consequence of that response— 
what might be considered punishment by TO (Ferster, 1958; Baer, 
1962a, 1962b; Holz, Azrin, and Ayllon, 1963; Leitenberg, 1966). 

Results from the experimental laboratory (Baer, 1961, 1962a, 1962b) , 
as well as the findings from naturalistic investigations (Wolf, Risley, and 


This study was part of a larger investigation submitted to the graduate school 
of the University of Minnesota in partial fulfillment of the Ph.D. The author wishes 
to express his gratitude to Willard W. Hartup for his generous advice and assist- 
ance during the conduction of this study. The research was supported in part by 
Predoctoral Fellowship 5-FI-ME-30, 341-02 from the National Institute of Mental 
Health and completed with the aid of the facilities of the Numerical Analysis 
Center at the University of Minnesota. 

299 


300 ROBERT Н. WILLOUGHBY 


the majority of these studies; their findings are just as easily explained 
in terms of altered reinforcement; frequency. 
One method of unconfounding the variables of reinforeement fre- 


What may be an even more effective method of isolating the effects of 
the TO variable is the use of a “yoked” control procedure. In such a 


EXPERIMENT I 


This experiment was designed to test the effectiveness of TO asa 
punishing event. In the conventional punishment paradigm, the punish- 
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ing stimulus is always response contingent and the measure of its effec- 
tiveness lies in the subsequent decline in the frequency of the antecedent 
response. It was the purpose of the experiment to ascertain whether TO 
would suppress response rate when administered contingently in & 
situation in which one, and later two, responses provided the means to 
positive reinforcement. 


Method 


Subjects. The Ss were 36 children, 18 boys and 18 girls, from a mid- 
dleclass, suburban preschool in the Minneapolis area.? Twelve Ss were 
randomly assigned to each of three treatment groups: a time-out group 
(Group TO), a yoked-TO group (Group Y-TO), and a no-TO control 
group (Group C). These experimental conditions are shown in Table 1. 

Apparatus. The experimental apparatus consisted of a front panel of 
glazed masonite 24- X 24-inches in surface area. The panel stood in an 
upright position and was supported by two pieces of 14-inch plywood, 
12- X 24-inches connected to it at a ninety-degree angle. Extending from 
the front panel 415 inches from the lower edge were two levers serving 
as response manipulanda. The lever on S's left was made of blue lami- 
nated plastic, the lever on his right of white laminated plastic; located 
15 inches above the manipulanda, and 414 inches below the upper edge 
of the panel, was a row of ten stimulus lights 2 inches wide and 22 inches 
long. These lights were housed behind a sereen of white flash glass and 
were lit when the apparatus was in operation. 

Red poker chips were used as reinforcers. The chips were dispensed 
through a vertical slot located 6 inches from the left manipulandum and 
8 inches from the panel's lower edge. A transparent plexiglas container 
served as a receptacle for the chips. Reinforcements were dispensed on а 
variable interval schedule with an average interval between reinforce- 
ments of 10 seconds (VI-10 seconds). The scheduling of reinforcements 
was controlled by a tape programming mechanism located in an adjoin- 
ing room. The first response made after the reinforcement dispensing 
mechanism had been “primed” unlocked а holding relay and delivered 
a chip. Responses on the manipulanda were automatically recorded in 
30-second intervals by a Presin (Moduprint) Counter. Тһе duration of 
the experimental session was controlled by & predetermining counter 
(Sodeco, Model TCEZ4PE) which shut off the experimental apparatus 
automatically, 

Time-out was implemented by activating a circuit which contained a 
stepping relay (Grason-Stadler, E3129B) and an electronic timer 

* The author expresses his appreciation to the staff of St. Davids Preschool, Min- 
netonka Mills, Minnesota, Mrs. Sybil Lynch, Director for their cooperation during 
all phases of this research. 
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(Grason-Stadler, E1100H). During that part of the experiment employ- 
ing TO, every seventh response operated the electronic timer for a 10- 


manipulanda were immovable. In addition, the tape programming 
mechanism, the Sodeco counter, and the response recording apparatus 


Procedure 


The experiment consisted of three distinct phases, each containing 
three minutes of response time. The experimental conditions are presented 
in Table 1. 


TABLE 1 


DESIGN ғов EXPERIMENT І 
Phase 1 Phase 2 Phase 3 
TO group 


R-1 VI-10 sec. VI-10 sec. + 10-sec. TO VI-10 sec. + 10-sec. TO 
R-2 — = VI-10 sec, 

Y-TO group 

R-1 VI-10 sec. VI-10 sec, + 10-sec. “yoked” ТО V1-10 sec. 

R-2 = E VI-10 sec. 
Control group 

R-1 VI-10 sec. VI-10 sec. VI-10 sec. 

R-2 — — VI-10 sec. 


% 
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balanced across Ss, with half of the Ss in each group receiving reinforce- 
ment on the white lever. The S was encouraged to respond on the 
manipulandum and to try to fill the container with chips. At this point, 
E retired to an adjoining room, leaving S alone in the experimental room. 
In this phase of the experiment, responses Were reinforced on the VI-10- 
second schedule for 3 minutes. The Presin counter printed S's response 
frequency in 30-second intervals during this baseline period. 

Phase 2: In the second phase, which followed without interruption, 
the TO group was given а 10-second TO after every seven responses 
made on the manipulandum (FR7). During TO, the apparatus Was in- 
operable and the recording equipment shut off. The VI-10-second 
schedule remained in effect. The introduction of the TO procedure was 
accompanied by a reduction in reinforcement frequency. To control for 
the possible effects of this reduction, a Yoked-TO condition was run. 
Bach of the twelve Ss in the Y-TO condition was matched with an 8 
from the TO condition and received the same number of TOs as the 
punished S. However, the Yoked-TOs had only the programming and 
recording equipment shut off for the 10-second TO period. For these 
TOs, the apparatus lights remained lit and the response lever was not 
locked. Thus, while the Y-TO Group received the same number of TOs 
as the TO Group, the TOs were not accompanied by any discriminable 
change in stimulus conditions. The Control Group continued to receive 
reinforcement on the same VI schedule and never experienced TO. The 
total duration of this phase, exeluding TO, was 3 minutes. 

Phase 3: In the third and final phase of the study, all Ss were pro- 
vided with an unpunished response alternative. The second manipu- 
landum was unlocked and S was told that he could respond on either 
lever for reinforcement, For the Yoked-TO and Control Groups, both 
manipulanda were reinforced on the VI-10-second schedule, Only the 
formerly locked manipulandum was unpunished in the TO condition; 
responses on the original manipulandum continued to be punished with 
a 10-second TO. After S had received these instructions, he was given 
a 3 minute period of free responding. At the end of this period, S was 
allowed to select his prize and was escorted to his classroom. 


Results 


Figure 1 shows the response rates for all three groups before and 
during the punishment procedure. All groups had a highly stable rate 
of response during the baseline period. Furthermore, there is no evidence 
that the experimental and control groups differed in the number of 
responses made per 30-second interval during this phase. A decrease in 
response rate accompanied the introduction of TO in Phase 2. Neither 
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Fic. 1. Mean response rate for three groups in Phases 1 and 2 of Experiment I. 


the Y-TO nor the Control Group showed any appreciable reduction in 
response rate during this phase. 

The results of a 2 (Phases) X 3 (Groups) analysis of variance per- 
formed on the response rate data for Phase 1 and Phase 2 showed the 
Groups X Phases interaction to be statistically significant (F — 6.42, df 
= 1/38, p < .01). Subsequent analyses of this interaction for simple- 
effects followed procedures outlined in Winer (1962). These analyses re- 
vealed that only the TO Group differed significantly in response rate from 
Phase 1 to Phase 2 (Р = 13.85, df = 1/33, p < 01). An additional 
between-groups analysis of the interaction showed that three groups did 
not differ significantly in rate of response during the baseline period 
(F — .701, df — 2/66), but that the difference in rate was statistically 
significant during the punishment period (F — 5.82, df — 2/66, p — .01). 
Individual comparisons between groups in Phase 2 showed that the 
Y-TO Group and the Control Group were not signifieantly different in 
the total number of responses made during this phase (F = 1.47, df = 
1/66) but that both of these groups had a significantly higher response 
frequency during the punishment phase than the TO group (TO vs. 
Y-TO, F — 4.66, df — 1/66, p « .05; TO vs. C, F — 11.35, df — 1/66, 
p < 01). 

To ascertain which of the six response measures in Phase 2 were 
significantly below the Phase 1 rate of the TO Group, all twelve 
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measures of response rate Were compared by the Newman-Kuels pro- 
cedure (Winer, 1962). This analysis revealed that the response rate 
during the first thirty seconds of Phase 2 was significantly below the 
response rate of each of the six recording periods in Phase 1 (p < .01, 
ај = 12/120). However, the response rates during the remainder of 
Phase 2 were not significantly below the baseline rate. 

The response rates for the three groups during Phase 3 on both the 
punished and unpunished manipulanda are presented in Figure 2. As 
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Fic, 2. Mean response rate on the punished (R-1) and unpunished (R-2) 
manipulanda in Phase 3 of Experiment I. 


the figure illustrates, the rate of the punished response (R-1) was 
approximately zero for the TO Group throughout the entire third phase. 
This is not the case, however, for the Y-TO and Control Groups which 
received no TO for R-1. 

An analysis of variance performed on the rate data for В-1 during 
Phase 3 revealed a signifiant main effect across Groups (F — 35.88, 
df = 2/33, p < .01). Subsequent comparisons between the three treat- 
ment groups revealed that the Y-TO Group did not differ significantly 
from the Control Group in R-1 rate (F = 1.43, df = 1/198), but that 
the TO Group had a significantly lower R-1 rate than either the Y-TO 
Group (F = 56.67, df = 1/198, p < 01) or the Control Group (F = 
76.05, df = 1/198, р < .01). 

Figure 2 shows that the R-1 rate was low for all three treatment 
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groups immediately after thé new manipulandum (R-2) was introduced. 
The preference for R-2 by all groups during the early part of Phase 3 
resulted in a significant Groups X Intervals interaction during this phase 
(F = 3.89, df = 10/165, р < .01). The preference for R-2 shown by the 
Control Ss in the early part of Phase 3, because of its rather short 
duration, would appear to represent a novelty effect. In contrast, the 
strong preference shown for R-2 by the TO Group remained throughout 
the entire phase. - 

Statistical analyses were performed on the total number of responses 
made on R-1 vs. the total number of responses made on R-2 for the 
three groups. The results of these analyses showed that both the TO and 
Y-TO Groups made significantly more responses on R-2 than on R-1 
during Phase 3 (¢ = 11.96, df = 11, P < 01, and t= 347, df — 11, 
P < 0l, respectively). The difference between R-1 and R-2 rate was 
not stastistieally reliable, however, for the Control Group (t = 1.93, 
df = 11, р> 05). Since the Y-TO Group did not differ significantly 
from the Control Group in the number of R-1 responses, this significant 
difference in response rate between R-1 and R-2 in the Y-TO Group 
appears to be the result of a relatively high response rate on R-2 rather 
than an exceptionally low rate on R-l, as was the case for the TO 
Group. 

Ап analysis of variance performed on the R-2 data provided statisti- 
cal support for this notion. As was the case for the R-1 data, this 
analysis revealed a significant, main effect for Groups (F = 4.20, df= 
2/33, p < .05). However, this effect is not attributable to a significant 
difference in rate between the Y-TO and TO Groups (F = 2.36, df = 


relative to the R-2 rate of the TO Ss (F = 9.46, df = 1/198, р < .01). 
This significant preference for R-2 shown by the Y-TO Group, despite 
the equal reinforcement frequencies of the two responses, indicates that 
the reduced reinforcement on R-1 in the second phase of the study had 
some influence upon the Tesponse preference of the Y-TO Ss in the sub- 
sequent phase. 

The overall response rates for in Phases 1 and 3 were compared for 
the three treatment groups. Only the Y-TO Group showed any sub- 
stantial increase in response rate during Phase 3 above the original 
baseline rate. This difference in rate from Phase 1 to Phase 3 was found 
to be significant for the Y-TO Group (t= 2.78, df = 11, p < .02) and 
suggests the presence of a positive “contrast” effect (Reynolds, 1961). 
The response rates in the third phase were not significantly different 
from baseline for either the TO Group (t — 1.69, df — 11, р> .05) or 
Control Group (t = 1.73, df = 11, p > .05). 


* 
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8 EXPERIMENT П 


The results of Experiment I clearly demonstrate that punishment by 
TO produced a high degree of response suppression when S was provided 
with an unpunished response alternative. However, the possibility still 
remains that the preference for the manipulandum not associated with 
ТО during Phase 3 resulted from the slightly higher frequency of rein- 
forcement which occurred on that manipulandum. 

In order to provide a totally unambiguous interpretation of these 
findings, а second experiment was performed. In this study, the rein- 
forcement frequencies of the punished and the unpunished responses 
were equated. This method of control was accomplished by using à 
VI-20-second reinforcement schedule for the unpunished response and 
a VI-10-second reinforcement schedule for the punished response; TOs 
for the latter response were equal to 10 seconds in duration. Thus, both 
the punished and unpunished responses had the same reinforcement 
frequency but one had an accompanying TO period. 


Method 


Subjects. Twenty-four children, 12 boys and 12 girls, from the same 
suburban preschool sample served as Ss. Half of the Ss were randomly 
assigned to a Time-out (TO) condition and the remaining Ss were as- 
signed to a no- TO, Control, condition. 

Apparatus. Major changes in the experimental apparatus involved 
only the reinforcement programming equipment. Ап additional (VI-20 
second) reinforcement schedule was programmed concurrently with the 
original (VI-10-second) reinforcement schedule. Responses made on one 
of the manipulanda were reinforced on the VI-10-second schedule; the 
other manipulandum was reinforced on the VI-20-second schedule. 

In addition to these changes, the schedule of TO administration Was 
also modified. To equate the two responses for reinforcement frequency, 
a response contingent TO of 10-second duration was programmed on the 
VI-10-second manipulandum on а "VI-10-second schedule. Thus, the 
number of TOs was equal to the number of reinforcements dispensed on 
that manipulandum within the session. The intervals between TO pre- 
sentation were arranged so that their occurrence was not temporarily 
associated with the presentation of reinforcement. 


Procedure 


The study was conducted in four phases (see Table 2). Phase 1 
served as a training period and was 2 minutes in length. During this 
period, S was given one minute of response time on each manipulandum. 
At the end of this minute, E counted the chips received and placed them 


308 ROBERT H. WILLOUGHBY 


TABLE 2 
Desien ror Exrermenr II 
Phase 1 Phase 2 Phase 3 Phase 4 
TO group 
R-1 Training VI-10 sec. Training VI-10 sec. -+ 
VI-10 sec. VI-10 sec. + 10-sec. TO 
10-sec. ТО 
R-2 Training VI-20 sec. Training VI-20 sec. 
VI-20 sec. VI-20 sec. 
Control group 
R-1 Training VI-10 sec. Training VI-10 sec. 
VI-10 see. VI-10 sec. 
R-2 Training VI-20 sec. Training VI-20 sec. 
VI-20 sec. VI-20 sec. 


in a pile beneath the appropriate manipulandum, Then 8 responded for 
one minute on the remaining manipulandum and this counting pro- 
cedure was repeated. After this training was completed, S was instructed 
that he could respond on either manipulandum for reinforcement, These 
instructions initiated Phase 2 of the experiment—a response preference 
period. This period lasted three minutes during which S's response 
preferences were recorded in 30-second intervals. The Ss in both groups 
were given the-same procedures during Phases 1 and 2 of this study. 

In Phase 3, the experimental procedures were different for the two 
groups. Phase 3 consisted of another 2-minute iraining period, In this 
period, the TO Group received a 10-second TO for each reinforcement 
on the VI-10-second schedule. Responses on the other manipulandum 
remained reinforced on the VI-20-second schedule. The procedure em- 
ployed with the Control Group in this second training period was 
identical to that used in the initial training session, 

The training period was followed by another 3-minute preference 
period (Phase 4), in which responses made on one manipulandum were 
reinforced on the VI-20-second schedule, and the responses made on the 
other manipulandum were reinforced on the VI-10-second schedule plus 
a 10-second TO per reinforcement. The end of Phase 4 marked the ter- 
mination of the experimental session. 


Results 


Figure 3 shows the response rates on both manipulanda for the TO 
and Control Groups during Phases 2 and 4. Before punishment training, 
the more frequently reinforced manipulandum was overwhelmingly 
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Tic. 3. Mean response rate on VI-10-second and VI-20-second manipulanda by 
ТО and Control Groups in Phases 2 and 4 of Experiment II. 


preferred by both groups. However, when this preferred response was 
punished with a 10-second TO, its rate declined to near zero. 

The results of statistical analyses performed on the rate data from 
the VI-10-second manipulandum showed that the Groups X Phases 
interaction was significant (F = 190.53, df = 1/22, р < 1001). A further 
analysis of this interaction revealed that the TO and Control Groups 
did not differ in rate of response prior to punishment training (F = 1.67, 
df = 1/22, p > 05), but were significantly different in rate after TO 
had been introduced (F = 182.11, df = 1/22, p < .001). The procedures 
employed in this experiment preclude the possibility that these rate 
differences during Phase 4 could have resulted from an imbalance in 
reinforcement frequency. Such differences are better explained in terms 
of the avoidance of TO. 

Phase 4 was characterized by a reduction in reinforcement frequency 
for the TO Group. This reduction was coincident with elevations in 
response rate for several Ss in the TO condition, and was frequently 
accompanied by verbalizations indicative of a heightened motivational 
state (e.g. “Hurry up, Chip. C’mon Chip,”). It is interesting that while 
several Ss showed quite substantial increments in response rate when 
the reinforcement schedule became less favorable, they rarely made а 
single response on the, manipulandum which produced TO. These 
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findings suggest that while a reduction in reinforcement frequeney was 
unpleasant, it was less so than the experience of TO. 
Discussion 

"Through equating the reinforcement; frequencies of the responses both 
associated with TO and not associated with TO, Experiment II estab- 
lished that the results from Phase 3 of Experiment I were not produced 
by an imbalance in reinforcement frequency between the two responses. 
Even when the payoff for both responses was identical, as in Experiment 
II, the preference of the TO Group was overwhelmingly in favor of the 
response which did not result in TO. 

Precisely why the TO Group selected the unpunished response is not 
easily explained. However, based upon the results of other studies of 
TO (Herrnstein, 1955; Ferster, 1958; Leitenberg, 1966), it may be as- 
sumed with some confidence that the restrictive component of TO itself 
had some bearing upon the response preferences of the TO Group. In 
Experiment II, responses on the unpunished manipulandum were rein- 
forced no more frequently than responses on the manipulandum associ- 
ated with TO. However, these Tesponses were not subject to frequent 
interruption as were those associated with TO. In a more extensive 
investigation of TO with young children (Willoughby, 1967), it has 
been shown that the frequent occurrence of TO for responses on one 
manipulandum will elicit high rate response bursts on a second unrein- 
forced manipulandum. Since responses on this latter manipulandum have 
absolutely no extrinsic reinforcement value, whereas responses on the 
former manipulandum were reinforced on a highly favorable schedule, 
it would seem reasonable to conclude that such response bursts are in- 
dicative of some form of frustrative reaction to TO itself. Such results 
are not unlike those reported by Adelman and Maatch (1955) and 
Wagner (1959). In these studies it was shown that rats would elicit 
escape responses to TO, and stimuli associated with TO, in the absence 
of any extrinsic reinforcement for such responses. If TO can elicit such 
"escape" responses without any extrinsic reinforcement, as these findings 
indicate, then the reinforcement of responses serving as alternatives to 
TO should only serve to enhance the occurrence of such “escape” 
behaviors. 

The results of the first experiment clearly demonstrate that the 
suppressive capacity of TO is largely determined by the availability 
of a positive response alternative. When the punished response provided 
the only means of reinforcement, the rate of that response was reduced 
by approximately 2595 of its original baseline rate during the earliest 
part of the punishment phase. However, with the introduction of an 
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unpunished response alternative, this response was virtually eliminated. 
These findings are consistent with those from studies which have used 
other stimuli such as noise (Herman and Azrin, 1964; Azrin and 
Ayllon, 1966) as punishment, and imply that both TO and noise function 
as relatively ineffective punishments in the single response situation. 

Results such as those reported for Experiment I raise the question 
as to why TO is not a very effective punishment in the single response 
situation. Merely stating that TO is not “aversive” does little in the 
way of explaining why other stimuli, electric shock for example, are 
highly effective in this regard while TO is not. Apparently, stimuli like 
shock evoke behaviors which are somewhat different from those elicited 
by less aversive events as TO. One such difference between the two 
stimuli may be their relative tendencies to elicit responses which are 
incompatible with the responses being punished. There is some question 
as to whether TO can elicit such incompatible responses. Rather than 
serving to elicit the withdrawal behaviors characteristic of noxious 
physical stimuli, TO has been shown to cause an increase in their rate 
(Herrnstein, 1955; Leitenberg, 1966). 

While it is true that the punished response showed no increase in rate 
from Phase 1 to Phase 2 in Experiment I, the repeated presentation of TO 
in the second phase was accompanied by an increase in the rate of that re- 
sponse. Despite the fact that this rate increase lead to the greater 
incidence of TO and, consequently, to а greater loss of reinforcement 
per unit time, the rate of the punished response Tose steadily during the 
second phase. By the end of Phase 2 the rate of the punished response 
approached its original baseline rate. This finding is somewhat perplex- 
ing, since a rate increase under an FR schedule also increases the num- 
ber of TOs received. When S has some control over TO frequency, as he 
does with an FR schedule, it certainly is beneficial to keep the occur- 
rence of nonreinforcement to a minimum. Yet this was not observed to 
be the case in Experiment I. It seems quite likely that the heightened 
motivational level engendered by the repeated experience of TO resulted 
in an increased tendency to elicit higher rates of response and, con- 
sequently, to increase the occurrence of nonreinforcement. Thus, it may 
well be that TO elicits responses which compliment rather than compete 
with those responses undergoing punishment, and that this tendency 
toward heightened responding increases with repeated presentations of 
TO. 

The practical considerations to be derived from this study are clear; 
if TO is used as a method of eliminating undesired behaviors in chil- 
dren, then the child should also be given a second unpunished behavior 
in addition to making TO a consequence of the undesired response. If 
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this is not the case, and the punished response provides the only avail- 
able means of reinforcement, it is unlikely that TO will have lasting 
suppressive effects upon the occurrence of the undesired behavior. 
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Discrimination Learning in Children as a Function of 
Reinforcement Condition, Task Complexity, 
and Chronological Age". 


Grover J. WHITEHURST 
University of Illinois, Urbana, Illinois 


In a two-choice paired-presentation discrimination task, 120 children at 
two age levels were either reinforced for correct, responses, punished for in- 
correct responses, or rewarded for correct responses and punished for in- 
correct responses at either of two levels of task complexity. Reinforcement 
and punishment were nonverbal and were accomplished by either presenting 
or removing tokens. Task complexity was varied in terms of the number of 
irrelevant stimulus dimensions to which a response could be made. Highly 
significant treatment effects favored the combination of reinforcement and 
punishment, with no difference appearing between the reinforcement group 
and the punishment group. This relationship was constant across both age 
and task complexity, with no significant interactions occurring. 


A large number of studies using animals, adults, and children as sub- 
jects (Ss) have been concerned with the question of the relative effective- 
ness of various combinations of positive reinforcement and punishment in 
discrimination tasks. In the prototype experiment, the S is forced to 
choose between two or more alternatives over a series of trials. One group 
of Ss receives a positive reinforcer contingent upon choosing the alter- 
native that has been defined as correct and receives some neutral stimulus 
consequence following an incorrect response (condition R). Another 
group of Ss receives a punishing stimulus contingent upon choosing the 
alternative defined as incorrect and receives à neutral stimulus conse- 
quence following a correct response (condition P). A third group of Ss 
receives both a positive reinforcer for a correct response and a punishing 
stimulus for an incorrect response (condition R-P). АП three groups of 
Ss are run until they reach some criterion of accuracy and then the effi- 
ciency of acquisition is compared. 

*This research was conducted while the author was a USPHS Trainee in Child 
Psychology, grant number MH-8298 from the National Institute of Mental Health. 

*This paper is based on a dissertation submitted to the University of Illinois, 
Urbana in partial fulfillment of the requirements for the M.A. degree. The writer 
expresses his appreciation and thanks to Drs. Sidney Bijou and Morton Weir for 
their assistance and advice throughout the present study. 
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The results from the animal literature (Hoge and Stocking, 1912; War- 
den and Aylesworth, 1927; Wischner, Fowler, and Kushnick, 1963) 
clearly indicate that condition R-P leads to faster acquisition of a dis- 
crimination than either condition R or condition P. The studies that have 
used children as Ss (Brackbill and O'Hara, 1958; Curry, 1960; Meyer 
and Offenbach, 1962; Meyer and Seidman, 1960, 1961; Penney and Lup- 
ton, 1961; Spence, 1966; Spence and Segner, 1967; Stevenson, Weir, and 
Zigler, 1959; Terrell and Kennedy, 1957) are more ambiguous. 

In the preponderance of studies that have used children as Ss, the find- 
ing has been that the R condition leads to slower acquisition of а dis- 
erimination than either the P condition or the R-P condition. There has 
been no agreement on the relative effectiveness of the P condition and 
the R-P condition. As a result of weaknesses in all these studies, the ques- 
tion of the relative effectiveness of different, reinforcement combinations 
remains unanswered. 

The following points have proved to be jmportant sources of ambiguity 
in interpreting previous studies. (1) In studies that have used verbal re- 
inforcers and punishers (Curry, 1960; Meyer and Offenbach, 1962; Meyer 
and Seidman, 1960, 1961; Spence, 1966), the words “right” and “wrong” 
have been assumed to have reinforeing and aversive properties, respec- 
tively. In view of the complex and unknown reinforcement history that 
each child has with these words, such a procedural assumption appears 
unwarranted. Conelusions, based on these verbal studies, about reinforce- 
ment and punishment as processes in children’s discrimination learning 
seem tenous. (2) In studies that have used nonverbal reinforcement and 
punishment (Brackbill and O’Hara, 1958; Penney and Lupton, 1961; 
Spence and Segner, 1967; Stevenson et al., 1959), the procedures for pre- 
senting punishing stimuli have differed from the procedures for presenting 
reinforcing stimuli, such that the different reinforcement and punishment 
conditions may have differed in their potential for distracting the Ss from 
the experimental stimuli. This distractibility variable could account for 
the results in these nonverbal studies. (3) Instructions to Ss have varied 
in their completeness in previous studies, and may have interacted with 
the reinforcement parameters to determine the obtained differences. This 
sort of interaction has been demonstrated by Spence and Segner (1967). 
(4) Some studies have used tasks of unspecifiable complexity when task 
complexity has been shown to be an important variable determining the 
magnitude of the differences obtained among reinforcement conditions m 
discrimination tasks (Meyer and Offenbach, 1962). х 
The present study was designed to correct some of the weaknesses 1n pre- 
vious studies in order to obtain a more definitive answer to the question of 
the relative effectiveness in discrimination learning of reinforcement, pun- 
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ishment, and reinforeement in combination with punishment. Nonverbal 
reinforcers and punishers were chosen to rule out, as much as possible, the 
effects of prior reinforeement history. A token system was instituted 
as a method of reinforcement. The token system allowed the use of back- 
up reinforcers that were considered more reinforcing to the Ss than the 
candy or praise used in previous studies. Response cost was used as the 
method of punishment. Punishment was the loss of а token while reward 
was the gain of a token. This method allowed procedurally equivalent re- 
inforcement and punishment, which in turn removed any possibility for 
distraction being differentially associated with the mode of presentation 
of either reward or punishment. (It should be noted that punishment in 
terms of a removal operation may not be functionally equivalent to 
punishment in terms of the presentation of some aversive stimulus, and 
the results of this experiment must be interpreted in that light.) The com- 
plexity of the experimental task was made specifiable in terms of the 
number of possible stimulus dimensions to which a response could be 
made. In consideration of the findings of Spence and Segner (1967), the 
preliminary instruetions fully explained the response contingencies to 
the Ss. 

Two additional variables besides reinforcement condition included in 
the study were age and complexity. Complexity was included as a two- 
level variable because of its probable importance in determining the mag- 
nitude of the differences obtained (Meyer and Offenbach, 1962). Age was 
ineluded as a two-level variable to ensure that the results obtained would 
not be age-specific, and to partially assess any developmental trends that 
might occur in the magnitude and direction of the differences obtained. 

Thus, the study was designed to utilize a three-way analysis of vari- 
ance. There were three levels of the treatment factor, two levels of com- 
plexity, and two levels of age. 

The only prediction made was that the R-P condition should lead to 
more rapid acquisition of the discrimination than either the R condition 
or the P condition. It was reasoned that since incorrect, responding was 
to be punished in the R-P condition, it should be eliminated more quickly 
than in the R condition in which incorrect responding was to be extin- 
guished. Punishment has been shown to be a more effective method of 
eliminating behavior than extinetion (Holz, Azrin, and Ayllon, 1963). 
An analysis of the P condition suggested that if responding to the correct 
stimulus was to be strengthened, it would be through the action of subtle 
conditioned reinforcers such as successful task completion and compliance 
with the experimenter's instructions. Tt was reasoned that the reinforcing 
strength of these conditioned reinforeers would be weak relative to the 
material reinforcers present in the R-P condition. Therefore, acquisition 
in the P condition was predicted to be slower than in the R-P condition. 
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METHOD 
Subjects 

A total of one hundred and twenty subjects were used in the experi- 
ment. This total was evenly divided into sixty five- and six-year-olds 
and sixty eight- and nine-year-olds. There were sixty-three males in the 
sample and fifty-seven females. АП the Ss were drawn from the same 
grammar school located in a middleclass neighborhood.* 

The Ss came individually to a trailer located a few yards from their 
school, The experiment was conducted in one room of the trailer with 
dimensions of approximately 8 feet X 10 feet. There were two tables and 
two chairs within the room, One table was located against the wall and 
reinforcers were arranged on it in three distinct piles. In the pile on the 
left 14 of the table were located reinforcers of about ten cents in value. 
Among the ten-cent reinforcers were baby dolls, packages of marbles, 
cooking utensils, watches, tops, police badges, balloons, modeling clay, 
and crayons. In the pile on the middle % of the table were located rein- 
foreers of about five cents in value. Among these five-cent toys were 
rings, keychains, and plastic jewelry. In the pile on the right 14 of the 
table were reinforcers of approximately опе cent in value. The one-cent 
toys were small plastic toys such as baseballs, trucks, and kitchen uten- 
sils. The second table was located in the center of the room. The principal 
apparatus for the experiment was on this table, On one side of the table 
was a chair for the experimenter (E) and on the other side was a chair 
for the Ss. 

The apparatus on the table consisted of a sliding tray for presenting 
stimuli and a plastie dish into which tokens could be dispensed; both 
were built into an upright plywood screen equipped with a one-way mir- 
ror. The plywood screen was painted black and was approximately 3 feet 
high and 314 feet wide; it served to shield the E from the S’s view. The 
sliding tray was painted white and was located at the base, and in the 
middle of the screen. It was so constructed that it could be withdrawn 
completely form the S's side of the apparatus, baited with a pair 
of stimuli, and then pushed back out, revealing the stimuli to the S. On 
the screen to the S's right, and just to the right and slightly above the 
aperture for the tray, was located a clear plastic dish into which tokens 
could be dispensed or from which tokens could be removed. An aperture 
in the plywood screen was located just above the plastic dish. The E's 
hand appeared through this aperture to either dispense or remove а 
token from the S's dish. Black cloth, attached over the aperture on the 


3 The writer thanks the principal, teachers, and students of Kenwood School in 
Champaign, Illinois for their generous co-operation and assistance which made this 
study possible. 
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S's side, prevented the S from seeing anything except the E's hand during 
dispensation or removal of tokens, Centered in the middle of the screen 
and just above the sliding tray was a one-way mirror that allowed a 
clear view of the S and the extended stimulus tray. 

Tokens used in the experiment were colored wooden beads, slightly 
smaller than marbles, 

Sixteen pairs of experimental stimuli were used. They were constructed 
from one-quarter inch plywood. Each pair consisted of one large stimulus 
(an area of eight square inches) and one small stimulus (an area of four 
Square inches). In addition, each stimulus within a pair was a given 
color (red or blue) and a given shape (circle or square), 


Procedure 


Ten Ss within each of the two age groups were randomly assigned 
within ages to each of six experimental groups comprised of three treat- 
ment levels and two levels of task complexity. 

Under the positive reinforcement treatment condition (R), a correct 


immediately by E removing a token from the S's dish and next by with- 
drawal of the stimulus tray and its Te-presentation for a new trial. Under 


In the first level of task complexity (simple), with one irrelevant di- 
mension, only one pair of stimuli was used across trials for any given S. 


mined by means of a Gellermann series (Gellermann, 1933), and was the 
same for each S. In the second level of task complexity (complex), with 
three irrelevant dimensions, all sixteen pairs of stimuli deseribed in the 
apparatus section were used for any given S. Size, as before was the rele- 
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vant dimension, with position, color, and shape being the three irrelevant 
dimensions. The series of pairs of stimuli presented on succeeding trials 
was decided randomly, and was the same for each S. The positions of the 
correct stimulus on each trial matched those at the simple complexity 
level. 

At the younger age level, kindergarten children were used. At the older 
age level, third-grade children were used. 

Hach child was given trials on the two choice diserimination problem 
until he reached the criterion of ten consecutive trials with correct re- 
sponses or until he reached a total of sixty trials, whichever came first. 
This occurred in one session of between five and fifteen minutes in length. 
The data from all Ss who made no errors was dropped from the study 
since differential reinforcement contingencies could not be applied when 
no errors were made. The total N of one hundred and twenty does not 
reflect those thirty Ss who were dropped. 

The children came individually to be tested. Each child was seated at 
the apparatus and the E read the appropriate instructions. Parts of these 
instructions were identical for all treatment groups, and parts differed. 
The instructions follow, with the differing parts indicated in parentheses 
and attributed to the relevant treatment condition: 

“We're going to play a game and ТЇЇ show you how to play. Ill be back 
here and I'll push this tray out with two objects on it. Each time I push 
the tray out I want you to put your finger on the one that you think is 
correct. When you choose the right one (Group P..-1 won't do any- 
thing) (Group R and R-P ... my hand will come out of here and ГЇЇ 
drop a bead in your dish, like this). When you choose the wrong one 
(Group R . . . I won't do anything) (Group P and R-P .. . my hand 
will come out of here and Ill take a bead out of your dish, like this). Do 
you understand? Each time you'll ehoose one by putting your finger on it. 
When you're right (Group Р... I won't do anything) (Group R and’ 
R-P . . . IIl give you a bead). When you're wrong (Group R... 1 
won't do anything) (Group P and R-P .- - ТЇЇ take one of your beads 
away)." 

“When you're through playing you can trade in the beads you've won 
for one of these toys over here. Come on over and ГЇЇ show you what I've 
got. In this pile are my nicest toys; you have to win а lot of beads to get 
one of these. In this pile are some toys that aren't quite as nice and you 
don't have to win quite as many beads to get one of these. In this pile are 
my worst toys; you only have to win а few beads to get one of these. So, 
the idea of the game is to play just as well as you can $0 you will have 
enough beads to get one of the nicest toys." 

“You can sit back down now. Remember each time put your finger on 
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the one you think is correct. When you're right (Group P . . . I won't 
do anything) (Group R and R-P . .. I'll give you а bead). When you're 
wrong (Group В... I won't do anything) (Group P and К-Р... I'll 
take one of your beads away)." 

After the child completed his game, regardless of the number of beads 
in his dish, the E said, “You did very well. You have just enough beads 
to get one of the nicest toys. Pick one." 

Each child started the experiment with thirty tokens already in his 
dish. All questions were answered with the relevant part of the 
instructions. 


RESULTS 


The response measure used in the analysis was trials through a criterion 
of ten successive correct responses, which varied between a possible lower 
limit of eleven and a possible upper limit of sixty. A total of thirty Ss 
were dropped because they had errorless scores of ten; these Ss were ap- 
proximately evenly distributed among the treatment conditions; seventy- 
five per cent of these errorless scores were obtained on the simple 
discrimination. 

As indicated by Tables 1 and 2, all the main effects of the experiment 
were highly significant. Over levels of complexity and age, the R-P con- 
dition led to significantly faster acquisition than either the R condition 
or the P condition, with these last two conditions resulting in non- 
significantly different trials to criterion. Over reinforcement conditions 
and levels of complexity, the older Ss acquired the discrimination sig- 
nificantly faster than the younger Ss. Over reinforcement conditions and 
age, the discrimination with only one irrelevant dimension was acquired 
significantly faster than the discrimination with three irrelevant 
dimensions. 


TABLE 1 
MEAN TRIALS THROUGH CRITERION ror EACH EXPERIMENTAL Gnovr, 
TREATMENT LEVEL, AND COMPLEXITY Leven 


Reward Punish Reward-Punish Complexity 
mean mean mean mean 
? 

Simple: 22.4 
Kindergarten 38.7 29.6 17.0 
Third grade 17.5 17.8 13.9 

Complex: 30.1 
Kindergarten 40.4 38.9 16.1 
Third grade 29.2 36.0 20.2 


Treatment Mean 31.6 30.6 16.8 


e 
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TABLE 2 

SUMMARY OF ANALYSIS OF VARIANCE APPLIED TO MEAN TRIALS THROUGH CRITERION 

Source df MS F 
Reinforcement condition 2 2700.93 11.73* 
Complexity 1 1786.41 7.169 
Age 1 1771.01 7.69 
Reinforcement X Complexity 2 313.01 1.36 
Reinforcement X Age 2 698.06 3.03 
Complexity X Age 1 567.67 2.47 
Reinforcement X Complexity X Age 2 4.98 «1 
Within treatments 108 230.29 


"Total 119 


а p less than .01. 

b p less than .001. 

None of the interactions was significant at the .05 level of confidence. 
However, the reinforcement by age interaction reached the .06 level. An 
examination of Table 1 shows that the relative positions of the В and E 
groups were reversed between ages. For the kindergarten Ss, the P con- 
dition led to somewhat faster acquisition than the R condition (means 
of 343 and 39.6, respectively), while for the third grade Ss, the R con- 
dition led to faster acquisition than the P condition (means of 23.4 and 
26.9, respectively). The raw data shows that these results were caused 
by an abnormally high number of younger Ss, fifty per cent, who did not 
achieve criterion within the allotted sixty trials in the R condition. 

An additional analysis of variance was performed on the mean number 
of correct responses over blocks of ten trials each. It was hypothesized 
that the sensitivity of such an analysis to the course of learning might 
reveal significant interactions that failed to emerge in the analysis based 
on trials to criterion. Such was not the case. The significant Fs were 
those for reinforcement condition, complexity, age, and trials. None of 
the Fs for interactions with blocks of trials approached significance. 


DISCUSSION 


The results of the present study are in agreement with the findings of 
Brackbill and O’Hara (1958) and Stevenson et al. (1959). Both these 
studies used children as Ss, both used nonverbal reinforcement and pun- 
ishment, and both used response cost as the punishment procedure. How- 
ever, neither of these studies included a P only condition. The results 
are only in partial agreement with the remainder of the child literature 
on this topie (Curry, 1960; Meyer and Offenbach, 1962; Meyer and Seid- 
man, 1960, 1961; Penney and Lupton, 1961; Spence, 1966; Spence and 
Segner, 1967). More specifically, the principal area of agreement with all 
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the earlier findings is that the R-P condition leads to faster acquisition of oh 


a discrimination task than does the R condition. 

The most important lack of correspondence with earlier child studies 
concerns the relative effectiveness of the P condition. One of the non- 
verbal studies (Spence and Segner, 1967), and most of the verbal studies 
(Curry, 1960; Meyer and Offenbach, 1962; Meyer and Seidman, 1960, 
1961; Spence, 1966) have found no significant differences between the 
R-P and the P conditions. These same studies have been unanimous in 
the finding that the P condition leads to faster acquisition than the R 
condition. Both these results (R-P equal to P; P superior to R) are in 
disagreement with the present findings. Specifically, the results from this 
experiment indicate that the R-P condition leads to faster acquisition 
than the P condition, and that the P condition yields a trials to criterion 
mean that is not significantly different from the mean of the R condition. 
One nonverbal study (Penney and Lupton, 1961) found the P condition 
to lead to faster acquisition than the R-P condition. This finding is also 
inconsistent with the present data. 

A critique of the studies using verbal reinforcement parameters has 
already been made (see introduction), and no more will be said here ex- 
cept that they are probably not applicable to generalizations about the 
processes of reinforcement and punishment. 

The two nonverbal studies that provide findings disparate with the 
present study deserve closer attention. Both Penney and Lupton (1961) 
and Spence and Segner (1967) used candy as their reward and noise as 
their punishment. It is possible that receiving a candy reward served as 
2 more distracting stimulus in both these studies than did the noise pun- 
ishment. If this were indeed the case, one would expect the R condition 
to lead to slower acquisition than the R-P condition, and the R-P con- 
dition in turn to lead to slower acquisition than the P condition. These 
were the results of the Penney and Lupton (1961) study, and while the 
R-P and P condition differences were not significant in the Spence and 
Segner (1967) study, the trend of the data was in the direction of slower 
acquisition in the R-P condition. 

A minor point of disagreement with a previous study (Meyer and 
Offenbach, 1962) centers around the complexity variable. The, Meyer 
and Offenbach (1962) findings indicated no significant differences among 
reinforcement conditions at the level of task complexity that included 
only one irrelevant dimension. The present study found R-P condition 
superiority at both the one irrelevant dimension level and the three ir- 
relevant dimension level. Meyer and Offenbach would predict, however, 
that the magnitude of differences between reinforcement conditions would 
become greater as complexity increases. This trend was evident in the 


L: 


^ 


DISCRIMINATION LEARNING IN CHILDREN 323 


data although the treatment by complexity interaction was not signifi- 
cant. It is possible that the failure of Meyer and Offenbach (1962) to 
obtain significant differences at their most simple level of complexity was 
due to the relatively weak reinforcing strength of their verbal reinforcers. 
The response contingencies were fully explained to the Ss in the present 
study, whereas they were not in the Meyer and Offenbach procedure. 
This procedural difference makes it difficult to compare directly the re- 
sults of the two studies, and could also easily account for the minor dis- 
agreement in findings concerning the complexity variable. 

The significant main effect attributable to age in this experiment was 
not expected on the basis of a previous study (Meyer and Seidman, 1960) 
in which the concept “larger than” was acquired by Ss ages four to five 
and eight to nine at approximately the same rate. It is possible that the 
age main effect may have been the result of an interaction between the 
instructions given to the Ss and chronological age. The instructions had 
the intended effect of making more salient cues of the stimuli associated 
with the various response contingencies. Tf the instructions were either 
understood or retained less well by the kindergarten children than by the 
third-graders, the experimental task would have been, in effect, more 
difficult for the younger children, thus accounting for the main effect of 
age. This analysis is supported by an examination of Table 1 which 
shows that the age main effect occurred for the R and P conditions but 
not for the R-P condition, which depended less on instructions for stimu- 
lus saliency than did the other two conditions. 

The R condition of the present experiment is an example of operant 
strengthening of responding in the presence of certain stimuli, and ex- 
tinction of responding in the presence of other stimuli. In the R-P con- 
dition, there is operant strengthening in the presence of certain stimuli, 
but in the place of extinction of responding in the presence of other 
stimuli, punishment occurs. The difference between condition R and con- 
dition R-P is the difference between extinction and punishment. Holz, 
Azrin, and Ayllon (1963) have convineingly demonstrated that punish- 
ment can be a more effective means of eliminating behavior than can 
extinetion. The present results are considered a replication of that finding. 

Following an analysis proposed by Azrin and Holz (1966), it is sug- 
gested that the increased responding in the presence of the correct stimu- 
lus in situation P does not necessarily indieate that learning of the de- 
sired discrimination has occurred: “. . - the elimination of a response 
by punishment is not known to result in an jnerease of unpunished re- 
sponses unless those responses are concurrently under the control of 
some reinforcement procedure” (Azrin and Holz, 1966, p. 431). It is sug- 
gested that the increase in nonreinforced responding to the correct stim- 
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ulus dimension that occurs in condition P is merely a function of the 
fact that the S is forced to choose on each trial. In the P condition, a de- 
crease in punished responding necessarily results in an increase in 
“correct” responding. The implication of this analysis of the P condition 
is that its seeming effectiveness is a function of an artificially contrived 
experimental situation that is not replicable outside the laboratory. An 
empirically demonstratable implication of this analysis is that given the 
same rate of acquisition of a forced choice discrimination in both P and 
R conditions, the P condition Ss should be inferior on tests of discrimi- 
nation reversal or tests of transfer. If punishment is to be used effectively 
in discrimination learning, the "correct" stimulus dimension must be 
concurrently under the control of some reinforcement procedure. Punish- 
ment is not а method of teaching new behavior; it is a method of elimi- 
nating behavior. When new behavior seems to emerge as a result of the 
use of punishment without concommitant reinforcement, as in the P 
condition of the present experiment, it is well to examine the situation 
closely to determine possible sources of positive reinforcement. Tt is hy- 
pothesized that both achieving a "correct" solution, as defined by the E 
in his instructions to the Ss and complying with the E's demand to make 
a choice on each trial were possible sources of positive reinforcement 
which functioned concommitantly with punishment to strengthen and 
maintain responding to the “correct” stimulus dimension on each trial. 
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trasted the MSG gradients for groups receiving 4 and 8 reinforced training 
trials. As predicted the Group 8 gradient was higher and broader, 


Stimulus generalization (SG) is said to occur When an organism which 
has learned a response to a given stimulus (CS) makes a similar response 
to other, novel stimuli (S,, S. ete.). The typical procedure involves train- 
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tile verbs (kill, murder, etc.). Generalization trials consisted of the ran- 
dom presentation of three clusters of five verbs each, whose average 
intensity-values were progressively less than the intensity-value of the 
training verbs. Booster trials were interspersed among the test trials. The 
procedure is consistent with those used in studying primary stimulus 
generalization and should, therefore, be sensitive to the same variables. 
The experiments are based on the rationale that the stimulus words are 
associated with systems of mediating reactions. The mediational systems 
in turn provide stimuli which can be associated with a variety of instru- 
mental responses, such as a lever-pull. Different stimulus words that 
occupy approximately the same intensity-position are assumed to. be as- 
sociated with essentially the same cognitive or affective mediating re- 
action: Hence they can be used to establish an association between a 
given instrumental response and the mediating processes involved. Sys- 
tematic changes in the degree of association between stimulus words and 
the mediating reaction should generate a generalization gradient of the 
instrumental response. Ry Y 
In an effort to demonstrate that MSG, as defined here, is influenced by 
the same independent- and subject-variables that influence PSG, the re- 
search program focused on age and sex differences, stimulus intensity, 
number of reinforcements during training, and autonomic reactivity. This 
paper includes the experiments on age differences, stimulus intensity, and 
number of training trials. Sec 


EXPERIMENT I t 

This experiment examined the effects of age differences on mediated 
gradients of generalization. Studies by Mednick and Lehtinen (1957), 
and Tempone (1965, 1966), using physical stimuli (a spatial array of 
lights) report steeper generalization gradients among their older Ss. Med- 
nick and Lehtinen interpret their results as showing that younger chil- 
dren respond more intensely to stimuli whereas Tempone contends that 
younger children discriminate less adequately. Despite these differences 
in interpretation (they will be examined more fully later in this paper), 
it was expected that the younger Ss would respond more intensely to the 
generalization stimuli. 


Method 


Apparatus. The apparatus for the MSG research program was designed 
to minimize the role of the experimenter (E). The instrument system was 
fully automated, with the exception that E gave oral instructions to S 
before retiring to another part of the laboratory where he was out of 
view. Timers, relays, and other equipment were shielded from S's view by 
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а 3- X 5-foot plywood panel which housed a 1- X 2-foot milk glass 
screen upon which the stimuli were projected. The screen was located 30 
inches from S. Immediately in front of the S was a semicircular box, 
housing a 4-inch long lever which could be pulled a distance of 12 inches. 
The lever was returned to its original position by means of a two-pound 
spring. Reinforcers were dispensed automatically by means of an M & M 
candy dispenser (Davis Scientific Instruments, Model MMD-1). Ampli- 
tude of response, measured in millimeters, was recorded by means of a 
Sanborn Recorder (Model No. 9544-100). The stimuli were projected by 
means of a Kodak 100 Projector located 4% feet behind the milk-glass 
screen. Trial duration, intertrial interval, and dispensement of rein- 
forcers was controlled by a Gerbrands Program Timer (Model No. 1001). 
All equipment was housed in an 8 X, 18-foot mobile laboratory. 

Stimulus words. An initial list of 216 verbs, judged to connote hostility, 
were selected from the Thorndike-Lorge word list. All the selected verbs 
had a frequency of between 20 and 100 occurrences per million words. 
Each verb was typed in capital letters at the top of an 8% X 3-inch piece 
of white, unlined paper. Immediately below the verb was a five-point 
scale with the following labels identifying each point: Most Bad—Very 
Bad—Somewhat Bad—Least Bad—Not Bad. The 216 verbs were ran- 
domized and combined into booklets of 100 and 116 words each and were 
presented in counterbalanced order on two successive days. Ss were 96 
fourth-grade children (54 males and 42 females) and 115 sixth-grade 
children (60 males and 55 females). The mean IQ of the total sample 
was 114.6. 

Median scale-values and semi-interquartile ranges Q;-Q;/2 for each 
of the 216 verbs were determined. Test-retest analysis indicated a re- 
liability of .90. There were no statistically significant sex or grade differ- 
ences, nor was the Sex X Grade interaction significant (F = 2.5; df = 1 
and 207; р> 05; F= > 1; df =1 and 207; р> 05; F=1.7; df= 
1 and 207; p > .05). Words not understood and/or read without help by 
one percent of the sample were deleted. From among the remaining words, 
one group of eight words was selected for training-stimuli and three 
groups of five words were used as test-stimuli. Groupings were based on 
similarity of median scale values and the magnitude of the semi-inter- 
quartile range. Table 1 summarizes the pertinent statistical information 
on the stimulus words. The procedure yielded an ordinal scale. It is as- 
sumed that the average values of the four intensity levels are discrimina- 
ble and psychologically meaningful. 

To determine the validity of the resulting scale, two experiments were 


*Semi-interquartile ranges were computed because of the extreme skewing of the 
distributions for each word. 
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TABLE 1 
MEDIAN SCALE-VALUES AND SEMI-INTERQUARTILE RANGES or STIMULUS WORDS 
Word Median Semi-interquartile range 
== 
Level 4 
Shot 4.82 .91 
Killed 4.86 .29 
Hanged 4.81 37 
Poisoned 4.76 -61\ M = 4.70 
Drowned 4.60 -90 
Murdered 4.64 .72 
Knifed 4.55 .86 
Gunned 4.58 .72 
Level 3 
Flooded 3.47 .89 
Injured 3.50 .71 
Invaded 3.50 .81) M = 3.48 
Fired 3.50 .78 
Arrested 3.44 .79 
Level 2 
Frightened 2.63 .80 
Defeated 2.63 .79 
"Troubled 2.03 .73) M = 2.63 
Soiled 2.62 -75 
Snapped 2.65 .88 
Level 1 
Left. 1.90 ‚72 
Stared 1.83 .83 
Fooled 1.85 .69 M = 1.62 
Yelled 1.79 .63 
Frowned .74 42 


condueted (details are available in mimeo form, Meyer and Orgel, 1965). 
In the first, experiment, sixth-grade children were presented with a series 
of 3-inch X 5-inch cards, on which were the four pronouns LEA Gr 
“You,” and “They” and either a “mildly hostile" (Median scale value = 
221, SD = .35) or an “intensely hostile" (Median scale value = 3.98, 
SD = A7) verb. Within each intensity group, one-half of the Ss were 
reinforced for using “I” and the remaining Ss were reinforced for using 
“They.” Consistent with the scale values, the “I’-intensely hostile group 
conditioned least rapidly. The base rate data showed no difference in 
frequency of “I” versus “They” responses for the mildly hostile verbs 
but a substantial difference for the intensely hostile verbs. — . 

The second study employed the apparatus developed for the MSG ex- 
periments (Meyer and Orgel, 1965). Essentially, this study involved a 
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random presentation of the stimulus words shown in Table 1. Twenty 
sixth-grade children were instructed to pull the handle a distance com- ў 
mensurate with the degree of “badness” of the verb, Two practice trials, 
involving a very hostile verb and a weak verb, served to define the end 
points. A rank correlation (rho) between the amplitude scores and the | 
paper-and-pencil seale-values for each verb was .88. 


Procedure f 


Children were seen individually in the mobile laboratory. Each of һе}, 
stimulus words was photographed and mounted for use with the Kodak j 
100 Projector. When projected on the screen, the words were approxi} 
mately 1 inch high. Subjects were given the following instructions: “We 
are interested in how children react to different words. When this red light; 
comes on (point), a word is going to appear here (point to screen), for : 
a short time. For some words you should move this handle (demon- 
strates); you must decide if the word is one for which you move the 
handle. If you do move the handle, you must move it while the word is on f 
the sereen and then you should move it to the end of the tract (point). 
Sometimes you will get an M & M candy for moving the handle and some- 
times you will not. Keep your hand on the handle, so that you can move 
it quickly. Pull the handle on the first word (‘eat’) so that you can see 
how it works. Any questions?” 

The training or conditioned stimuli were eight intensely hostile words 
to which the subject was required to pull the lever the full distance. If 
a full response was made, the S received an M & M candy. All Ss received 
the same eight training trials and the same series of 15 randomly-ordered 
test-stimuli (five words at each of three intensity levels). The only con- 
staint on randomization was that no more than two words of identical 
Strength appear conseeutively. Interspersed among the test stimuli were 
16 of the original training stimuli, which served as booster trials. Each 
of the eight training stimuli appeared twice during the generalization 
trials with the constraint that no more than two occurred within a block 
of five presentations. All full-responses to the booster trials were rein- 
forced. Thus, there was a total of thirty-nine trials: Eight training trials, 
fifteen test trials, and sixteen booster trials. Each word-stimulus was ex- 
posed for a period of 2 seconds; the intertrial interval varied randomly 
(1, 115, or 2 seconds) to prevent a rhythmic pulling of the lever. The en- 
tire session required approximately 20 minutes. All subjects seemed to 
understand the instructions and to perform the task appropriately. The 
design of experiment I involves one variable between groups (fourth- 
grade vs sixth-grade) and one variable within groups (test stimuli). 

Subjects. A total of 18 fourth-grade (M.a = 9-2) and 18 sixth-grade 
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(Mea = 11-8) children served as Ss. The children were from a suburban 
middle-elass school district. An approximately equal number of males 
and females were included in the sample. 


Results 
An examination of the average number of reinforcements received dur- 
ing training shows averages of 7.4 and 7.6 for grades 4 and 6, respectively. 
This difference is not statistically significant (£ < 1). Thus, the instruc- 
* tions were equally effective for the groups and both groups entered the 
generalization trials with equivalent response strength. A comparison of 
mean response amplitudes during the training trials for each group were 
also not statistically significant (t = < dye 


MEAN AMPLITUDE OF RESPONSE 


TEST POINTS 
HOSTILITY LEVELS 


Fic. 1. Gradients of MSG for Grades 4 and 6. 


Average response amplitudes were determined for each of the test 
points. Figure 1 shows the generalization gradients for each group. Are- 
peated measures analysis of variance (Edwards, 1964) involving the 


three test points resulted in significant differences between age groups in 
overall level of responding (F = 8.4; df = 1 and 35» < 01). As antic- 
x ipated from other studies, the gradient of generalization 18 higher for the 
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Younger, as opposed to the older, children. An analysis of the gradient 
effect was not statistically significant (F = 2.9; df = 2 and 68; р < 07). 
The gradient approaches statistical significance and is the only one of our 
numerous samples that was not clearly significant. The interaction of 
stimulus intensity and age was also not statistically significant 
(P « 1). 


EXPERIMENT II 


In his discussion of the principle of the Stimulus Intensity Dynamism 
(V), Hull stated: “The general trend of the joint sEr gradient originating 
at a weak stimulus intensity and generalizing toward stronger stimulus 
intensities has a smaller tendency to a downward slope than that ex- 
tending in the opposite direction between the same stimulus intensities." 
(Hull, 1949, p. 73). Hull's principle rests on the assumption that stimulus 
intensity interacts with habit strength in such a way that the greater the 
intensity of the stimulus the greater the reaction potential (sEr), per unit 
of habit strength. Thus, training to relatively weak stimuli and general- 
izing to relatively stronger stimuli produces counteracting forces—or: 
The tendency toward weaker responses as a function of distance from the 
conditioned stimuli (stimulus generalization) and the tendeney toward 
Stronger responses as a function of progressively more intense generaliza- 
Чоп stimuli (V). The net effect produces a flatter gradient than would 
occur when training is to relatively intense stimuli and generalization is 
to weaker stimuli. 

Studies by Brown (1942) and Hovland (1937), using adult humans 
and rats as subjects, respectively, empirically support the (V) principle. 
Spiker (19562) was perhaps the first investigator to demonstrate the ap- 
plicability of the principle with young children (3-9—5-8). All three 
studies used stimuli that varied on a physical dimension, such as light or 
sound. Experiment II extends the principle of the Stimulus Intensity 
Dynamism to verbal stimuli which vary in hostile intensity. 

Subjects. The Ss were 60 sixth-grade children from a suburban, middle- 
class neighborhood. Subjects were randomly assigned to each of the two 
experimental groups. 


Procedure 

With one exception, the procedures used in Experiment II were identi- 
cal to those described for Experiment I. Group H was trained to the high 
intensity words and generalized down the seale; this group, in effect, 
replicates those in Experiment I. Group M was trained to mildly hostile 
stimuli and tested for generalization up the scale. The training stimuli 
for Group M involve the five words at level 1 (Table 1) plus the words 
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bothered, splashed, and barked (the median scale values and semi- 
interquartile ranges for these words are, in order: 1.71, .71; 1.55, .62; and 
2.00, .84). Three words were deleted from the level 4 group (hanged, 
` drowned, murdered) so that only five words were available at that in- 
tensity level. Both groups received the same instructions. 


Results 


Average response-amplitudes for each test-point and for the con- 
ditioning trials were determined. One corollary of the Stimulus Intensity 
Dynamism (V) is that performance during the conditioning trials should 
be superior for Group H. This corollary rests on the assumption that the 
greater the intensity of the stimuli, the stronger the instrumental re- 
sponse. As shown in Figure 1 this prediction was not supported, in fact 
the mean response amplitudes were reversed. 

Figure 2, which has double entries on the abcissa, shows the gradients 
for each group. Inspection of the curves suggest that in general Group M 
made stronger responses at each test point and that the slope of its grad- 
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lent is less steep. A repeated measures analysis of variance, following the 
procedures described by Edwards (1964), shows the gradients differ sig- 
nificantly in height (F — 15.8; dí — 1 and 58; p < 01). This finding 
means that, on the average, Group M pulled the lever harder at each test 
point. The interaction between intensity groups and test stimuli is not 
statistically significant (F = 1.2; df = 2 and 116; p > .05). The effect 
attributable to stimuli is also statistieally significant (F = 27.2; dí—2 
and 116; p — .01), indicating that the combined gradient deviates sig- 
nificantly from the horizontal. 


EXPERIMENT III 


A second variable assumed to influence generalization gradients is the 
Strength of the learned response (Spence, 1937). Accordingly, if motiva- 
tion level remains constant but habit strength is permitted to vary, 
groups with the stronger habit strength should generalize more ; that is, 
their gradient should be higher. Unlike V, which leads to the prediction 
Of differential slopes of generalization gradients, formulations about 
initial habit strength suggest only a higher gradient for groups receiving 
more training trials. Spiker ( 1956a, 1956b) and Margolius (1955), using 
as subjects, young children and rats respectively, provide support for the 
effects of habit strength on generalization. Razran (1949), in his review 
of research on stimulus generalization, also concludes that habit strength 
is related to degree of generalization. Using the procedures developed for 
Studying mediated stimulus generalization this hypothesis is examined 
in Experiment IIT by varying the number of reinforced training trials. 16 
is predicted that a group receiving eight reinforced training trials will 
evidence a higher gradient of generalization than а group receiving four 
training trials. 


Method 


Subjects. The subjects were 40 sixth-grade children selected from the 
same suburban school district as in Experiment I. There was an approxi- 
mately equal distribution of males and females. Children were naive with 
respect to the experimental task and were randomly assigned to the two 
treatment groups. 


Procedure 


The procedure was identical to that used in Experiment I with one ex- 
ception: One group received four training trials (Group 4) and the 
second group eight training trials (Group 8). Otherwise the procedure 
was identical to that used in Experiment I. Group 4 subjects were con- 
ditioned to the following words ; shot, killed, hanged, poisoned. Following 
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training, both groups were exposed to the same test stimuli and booster 
trials (including the words deleted for Group 4: drowned, murdered, 
knifed, gunned). 


Results 

Despite the difference in number of training trials, response strength 
at the conclusion of the conditioning trials for each group is almost iden- 
tical (£ > 1). Examination of Fig. 3 suggests that the gradient for Group 
8 is both higher and broader than for Group 4. А repeated measures 
analysis of variance indicates that overall response strength is signifi- 


8 TRIALS —— 
4 TRIALS ....... 


MEAN AMPLITUDE OF RESPONSE 


TS. 3 2 1 
TEST POINTS 


HOSTILITY LEVELS ] 
Fio. 3. Gradients of MSG following 4 training trials and 8 training trials. 


cantly greater for Group 8 (F = 17.7; df = 1 and 38; p < .01) and sup- 
ports the hypothesis with respect to the heights of the gradients. The 
Treatments X Intensity interaction is statistically significant (F = 9.0; 
df =2 and 76; p < .01), indicating that the Group 8 slope is broader 
(less steep) in contrast with Group 4. The combined curves are also 
statistically significant (F = 28.4; df =2 and 76; p < .01). 


DISCUSSION 
The results of the three experiments permit the tentative conclusion 
that MSG is influenced by the same variables as PSG. The gradients gen- 
erated in each of the experiments are consistent with the assumption that 
the strength of an instrumental response (lever-pull) is related to stimu- 
lus intensities; in this case, the affective (hostile) intensity-values of 
verbs. Verbs within the training series and within each of the three test- 
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levels varied in their position on an affective intensity dimension and, 
therefore, in the strength of their mediating reactions. As the mediating 
reactions decreased in strength, the magnitude of the instrumental re- 
sponse showed a corresponding decrease. We cannot assure, however, that 
the gradients resulted strictly from affective reactivity, since Ss first had 
to understand the connotative meanings of the words. Indeed, the train- 
ing trials probably alerted the Ss to the nature of the stimuli and the 
dimension necessary for responding on the test-trials. The most likely 
dimension, however, was “badness,” since the explicit meaning of the 
verbs varied considerably. Support for this position derives from Van 
Wormer (1966), who recorded galvanie skin responses to the stimulus- 
verbs, presented without prior conditioning. The GSR gradients are 
strikingly similar to those reported here, suggesting that the word- 
groupings generate different intensities of affective reaction. 

It is possible that the gradients in the two experiments resulted from 
an artifact of grouping data over subjects; that is, Ss may have responded 
on an all-or-nothing basis, with progressively fewer full responses over 
test points. One indication that this did not occur is shown in Table 2 
where it can be seen that the SDs over test points and samples are rela- 
tively constant. If there were a tendency toward not responding at in- 
tensity level one, the SD should have been smaller. This conclusion is 
supported by a count of the number of Ss giving either a full response or 


TABLE 2 
STANDARD Deviations at Test POINTS ror TREATMENT GROUPS 


Fourth- Sixth- 


Stimuli grade grade Group8 Group 4 GroupM Group Н 
TS. 3 6 A 7 2 $ 
1 1.4 1.8 1.2 1.3 I1 1.2 
2 1.6 1.5 1.6 1.4 1.2 120 
3 1.8 1.4 1.5 1.6 1.5 1.9 


no response to the test-stimuli. The results indicated a maximum of 20% 
falling into either category, with the majority of these full responses. Thus 
it seems reasonable to conclude that the gradients are not artifactual but 
reflect response-strengths associated with the stimuli. 

The significant age-effect found in Experiment I is partially consistent 
with results reported by Mednick and Lehtinen (1957) and Tempone 
(1965, 1966). Thus, our younger Ss pulled the lever significantly harder 
overall, but the gradients for the two groups were essentially parallel. 
That the younger Ss provide a higher gradient could mean, as Tempone 
(1966) argues, that they less adequately discriminated among the test 
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points than the older Ss. This position reflects the “stimulus-generaliza- 
tion-as-the-inverse-of-discrimination” position discussed by Prokasy and 
Hall (1963). Recall, however, that on the paper-and-pencil ratings, there 
were no age-differences; that is, the younger children did not rate the 
verbs higher. It may be that the higher gradients reflect a “failure-to- 
discriminate,” but this explanation is not supported by the rating-scale 
data. 

An alternative explanation, consistent with that proposed by Mednick 
and Lehtinen (1957), is that younger children generally react more 
strongly to stimuli. Reactions to the rating scales were constrained by 
the structure of the scales and the instructions, but these constraints were 
not present with the lever-pull task. Since there were no age differences 
on the paper-and-pencil ratings of the stimulus-words, it would appear 
that the higher gradient can be attributed to the greater reactiveness of 
younger, as opposed to older, children. 

Experiment II examined the Stimulus Intensity Dynamism (V) as it 
relates to gradients of MSG. It was hypothesized that the group trained 
to low-intensity verbs (Group M) would generate a gradient which was 
higher and flatter than the group trained to high-intensity verbs (Group 
H). This prediction was not entirely supported by the data; the Group 
M gradient was higher but the slope did not differ significantly from that 
of Group Н. It cannot be argued that the essentially parallel slopes se- 
riously question the validity of (V) because no claim can be made for the 
units of the stimulus scale. It is our contention, on the contrary, that the 
greater height of the Group M gradient effectively supports (V). Thus 
among sixth-grade children there is a relationship between response 
strength and stimulus intensity, where the stimuli are words sealed for 
hostility. 

The final experiment supports the hypothesis that habit strength in- 
fluences generalization gradients. Consistent with studies using physical 
stimuli, the greater the habit strength the higher the generalization 
gradient. It is also apparent from the data, that the slope of the gradient 
is influenced by the number of reinforcements received during training. 
Both the slope and height differences are contrary to the Prokasy and 
Hall (1963) position that generalization is the inverse of discrimination. 
It can be argued that more reinforced training trials should improve dis- 
eriminability generating, therefore, a steeper and lower generalization | 
gradient. 

The procedures described here would seem to hold promise for a vari- 
ety of studies of the relationship between stimulus intensity and instru- 
mental responses. An excellent source of possible experiments with chil- 
dren is provided by Buss (1967). 
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The Effect of Age, Complexity, and Amount of Contour 
i on Pattern Preferences in Human Infants” 


BERNARD 7. KARMEL? 
University of California, Riverside 


Two-dimensional grid patterns with black and white elements of four 
different sizes (38-, %4-, 1-, 2-inch checks) and two different arrangements 
| (random or redundant) were presented to 13-, and 20-week-old infants 

using a complete paired comparisons design. Infants preferred (spent more 

time looking at) patterns with greater amounts of contour thus verifying 

earlier reports relating contour information to preferences, Preferences 

decreased as a pattern began to contain great amounts of contour (very 

small elements). Older Ss preferred patterns with greater amounts of 
vt contour compared to younger Ss. An inverted U-shaped function of prefer- 
ence to the square root of the amount of contour appeared to be the best 
description of this looking behavior as well as shifts in this looking behavior 
with age. Describing these preferences and shifts in preference with age 
in terms of a “complexity” continuum did not prove useful for these data. 


Karmel (1966a, 1966b, 1969) used a modified visual cliff with two sur- 
faces equally shallow for rats and chicks and used a Fantz-type looking 
box and paired comparisons paradigm for human infants to test pattern 
preferences. He showed that Ss descended to (rats and chicks) or spend 
а greater time fixating (human infants) a pattern with the greater amount 
of contour? whether this contour was arranged in a random manner or a 
redundant (checkerboard) manner. Further, it was found that such 
preferences decreased as the amount of contour in the pattern became 
very great. That is, preferences decreased as the pattern began to contain 
greater detail, approaching, but not exceeding, the acuity threshold. 


"The author thanks M. Bergman, M. Cohen, L. Dettweiler, and P. Miller for 
assistance during various portions of this experiment. 
Data from infants for this study were collected while the author was & 
Visiting Assistant Professor at the Institute of Child Development, University of 
| Minnesota. The use of the facilities there was greatly appreciated. Portions of 
the data were collected while the author was supported by & National Institutes 
of Mental Health postdoctoral fellowship MH-25, 145-01 at the University of 
California, Riverside. 

*Amount of contour is defined as the sum of the lengths of all black-white 
transitions contained in a pattern (Berlyne, 1958). This ‘measure can be calculated 
лз», ; similar to “total perimeter" as used by Attneave (1957). 
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Preferences did not depend on judges’ ratings of “complexity” value or 
on “complexity” value determined by information theoretic measures. 
Studies by McCall and Kagan (1967), and Salapatek and Kessen (1966) 
indicated or supported similar conclusions for fixation behavior by infants 
either with respect to the lack of involvement of “complexity,” or with 
respect to the involvement of contours.* 

Brennan, Ames, and Moore (1966), on the other hand, have convinc- 
ingly demonstrated that older infants tend to look at patterns with 
smaller checks. These developmental shifts to smaller elements, and 
therefore patterns with more elements in them, tend to support inter- 
pretations in terms of preferences for increased “complexity” as defined 
by number of checks in a checkerboard pattern. A similar interpretation 
of preferences has been made by Munsinger and Kessen (1966) in terms 
of preference shifts in “cognitive” uncertainty with the uncertainty linked 
to the “complexity” or information value of a form, both defined by the 
number of angles of a random polygon. 

However, if looking time increased for greater amounts of contour 
regardless of the arrangement, “complexity,” or uncertainty associated 
with that contour and decreased as an acuity threshold is approached, 
then a change in the pattern processing abilities resulting in greater acuity 
could, in turn, shift looking toward patterns containing greater and 
greater amounts of contour but not necessarily more “complex” or uncer- 
tain patterns. Such a shift in pattern processing ability with age in human 
infants is apparent from the data reported by Fantz, Ordy, and Udelf 
(1962) and by Poresky and Doris (1967) using the eye fixation technique. 
The purpose of this paper is to determine whether a shift in preference 
behavior is best described by a shift to patterns along a “complexity” 
continuum or along an “amount of contour” continuum. 


METHOD 


Subjects. Twenty-eight infants divided into two age groups were used. 
Infants’ ages averaged 13 weeks, ranging between 11 and 14 weeks in the 
younger group, and, 20 weeks, ranging between 18 and 22 weeks in the 
older age group. Parents of newborn babies listed in the “Birth Announce- 
ment” section of the local newspaper were contacted by letter followed 
by a phone call. Participating parents were paid $3.00 with approximately 
35% of the parents contacted volunteering to participate using this pro- 


‘Although Berlyne (1958) originally found that one property of preferred 
patterns seemed generally to be the greater amount of contour inherent in the 
pattern, he related preferences to greater “complexity” with “complexity” defined 
by the amount of contour within the pattern. This definition of “complexity” thus 
confounded both amount of contour and “complexity.” 
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cedure. Mothers were asked to bring their infants to the University for 
testing. Only Ss completing all portions of the task are reported here. 
Approximately 15 Ss were eliminated due to failure to complete the task, 
equipment failure during testing, or obvious visual abnormalities such as 
crossed eyes. 

Stimulus materials. Eight two-dimensional grid stimulus patterns (Fig. 
1) were constructed using black and white square elements. Two different 
arrangements, random or redundant, and four different element sizes 
(%-, 15-, 1-, and 2-inch checks) were used to construct eight stimuli in 
which the total area of pattern was held constant (12 by 12 inches) but 
the internal arrangement or size of the elements varied. All patterns were 
construeted on white poster board and were then photographed using high 


Fig, 1. Stimulus patterns used. Column 1: 3&-, %-inch redundant ; Column 2: 1-, 
2-inch redundant; Column 3: J&-, %-їпеһ random; Column 4: 1-, 2-inch random. 


contrast copy film except for the 14-inch redundant and 14-inch random 
patterns. The 14-inch redundant pattern was produced from commercially 
available visual aids (Chart-Pak Company) and was then photographed 
and reduced. The 14-inch random pattern was produced by pasting 16 
of the 14-inch random patterns together, photographing the conglomerate 
with high contrast copy film, then reducing the negative to the desired 
dimension equating it with the other seven stimuli in square area. Use of 
high contrast copy film and photo negative retouching eliminated the fine 
lines that appeared at the borders between adjacent like-color areas in 
the original stimuli. Thus, when projected, all negatives produced white 
forms on a black background all with an equal square area. The total 
luminous flux was constant, since the total white was identical in each 
pattern (50% of a-12-inch by 12-inch area). The brightness from the 
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patterns averaged 19 foot-lamberts as measured by a Spectra-Brightness 
Spot Meter, Photo Research Corp., Hollywood. For the larger checked 
patterns this figure was arrived at by using the average reading for a spot 
in the black region and one located in the white region of some portion 
of the pattern. 

Presentation order. Since total duration of fixation within a trial is 
known to decrease by some function over the course of presentations of 
stimuli to infants, seven different comparison pair series of the 28 pos- 
sible pairs of stimuli were generated to partially randomize pair position 
over trials. The series were constrained so that a complete set of the 28 
pairs appeared over the first four trials across the seven series, over the 
next four, and so on through to the last four trials of the seven series. 
Thus, any general linear decrease in total duration of fixation within а 
trial was partially balanced over the entire set of seven series of 28 pairs 
but not necessarily within a single series of 28 pairs. The initial left or 
right position of a stimulus pattern within a pair was randomized. How- 
ever, certain pairs were constrained by not allowing any one stimulus 
pattern to follow itself in the same place. Two slide trays each contain- 
ing the appropriate stimulus patterns arranged in the appropriate order 
ав dictated by the balanced randomization could then be preprogrammed 
as to order and location of stimuli. Two Ss in each age group were 
assigned to each of the seven series. Preferences to a particular position, 
right or left, were balanced by reversing the stimulus tray position for 
one of the two Ss. These manipulations balanced any position preferences 
over the entire experiment but not necessarily over a single individual 
within the experiment. 

Apparatus. 'The apparatus consisted of a commercially secured infant 
seat mounted on a table 30 inches by 50 inches. The table was centered. 
in a 9 X 12-foot room of a mobile trailer especially designed as a mobile 
laboratory (Bergman, 1964). The room was dimly lit by an overhead 
fluorescent lamp containing a translucent filter to reduce the overall 
illumination level in the experimental room. Pilot tests showed that both 
too little and too great illumination levels detracted from the task or 
upset the baby, respectively. The illumination level with no stimuli pres- 
ent was less than 1 foot-candle. Attached to the table was a dull gray 
frame on a stand which held a rear projection milk sereen 16 inches high 
by 32 inches wide. The angle of the screen was adjusted from the vertical 
to offset the angle produced by the inclined infant seat. This was done to 
enable projection of the whole stimulus form in a plane parallel to S’s 
body as S sat in the seat. Two Kodak Carousel slide projectors were used 
to display the stimuli onto the screen. The height, angle, and distance of 
the projectors with respect to the screen was adjusted so that two 
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12 x 12-inch images could be projected. These two fields were 2 inches 
from the top and bottom of the screen and 11% inches from each side with 
a 5-inch separation between stimuli. No partition existed on the sereen 
other than that produced by the distance between stimulus patterns. 
When S was seated in the infant seat his eyes were 17 inches from the 
nearest part and 23 inches from the farthest part of each stimulus pat- 
tern at eye level. The visual angle of a 14-inch check varied from 26 min- 
utes (near part of screen) to 19 minutes (far part of screen) of visual аге. 
Below the milk glass sereen was a green cloth which was draped from 
the screen to the top of the supporting table. This cloth served to hide a 
closed-circuit TV camera. The cloth also helped to direct S’s vision to 
the projected stimuli by reducing extraneous visual stimuli from the 
straight ahead. The TV camera was focused on S's face through a 2-inch 
hole cut in the cloth just below the center of the milk glass screen and 
directly in line with S’s face. The camera was connected to a TV monitor 
housed in a separate room just off of the experimental room. An observer, 
naive as to the location of particular stimuli to prevent observer bias, 
monitored the direction of S's look from the TV screen. The observer's 
task was to judge when S looked at a pattern and whether the direction 
of look was to the left or to the right stimulus. The main clues to these 
judgments were facilitated by the wrinkling of the eyebrows and fore- 
head produced when S looked upwards at the inclined screen from the 
normal eye position parallel to the floor. Separated counters, activated 
by the observer when S was judged to be looking at a stimulus, accumu- 
lated the total time spent looking at each pattern for each trial to the 
nearest 0.1 second. If S was not attending to either stimulus (i.e., explor- 
ing hands, judged to be looking away from the stimuli, eyes closed) 
during a trial, no looking time was accumulated. The interobserver reli- 
ability for total amount of looking to each stimulus of a pair was reported 
to be .89 (Pancrotz, 1968) or .93 for two observers rating looking behav- 
ior of similar aged infants using similar techniques (Cohen, 1968). 
Testing procedure. Subjects were brought into the trailer room, usually 
by S's mother, directly from the out of doors and the task was explained 
to the parent. The parent was then asked to place her infant into the seat 
and was then told to strap him in around the waist. This procedure pre- 
vented S from slipping in the seat and also allowed the distance from 
S's head to the sereen to remain relatively constant throughout the test- 
ing period. The door to the trailer remained open while the task was being 
explained to provide light. Testing was begun after this door to the trailer 
was closed and all persons were in the observation room. Approximately 
¥ minute to 1 minute elapsed between the presentation of the first com- 
parison pair and placement of S in the infant seat. This time was kept 
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to а minimum to decrease the total time S had to spend alone and unoc- 
cupied in the chair. Long delays at this point tended to upset the S. The 
use of the Kodak slide projectors enabled electronic programming control 
over the trial and intertrial intervals. These intervals were 14 and 4 
seconds, respectively. Nothing was displayed on the milk glass screen 
during the intertrial interval. Testing was continuous for the 28 trials of 
а complete paired comparison set of the eight stimuli. All attempts were 
made to complete the prescribed series of comparison pairs. Testing was 
interrupted when no looking behavior to the stimuli could be ascertained 
for two consecutive trials due to crying, sleep, or attention to other parts 
of S's environment such as hands. If an interruption was necessary, the 
stimulus trays and programming equipment were set to redisplay the 
previous comparison pair and to continue with the experiment. No more 
than two halts were tolerated. The E terminated the task if a third pause 
was necessary. 


“Complexity” Ordering 


A determination of the “complexity” ordering of the stimuli was made 
to verify the independence or orthogonality of the two stimulus orderings: 
“amount of contour,” and “complexity.” Although this manipulation had 
previously been done (Karmel, 1966b, 1969), the particular patterns used 
in this study constituted a different sample of random patterns and also 
included a ¥%-inch random pattern not previously used. Therefore, an 
independent determination of the “complexity” ordering of the stimuli 
was made. 

Method. Undergraduate students of the University of California, 
Riverside (N = 28) were used. Selection of Ss was made by randomly 
telephoning undergraduate students listed in the University directory 
and requesting their volunteering for “ . . . an experiment in vision taking 
approximately 15 minutes for which participants are given $1.” Approxi- 
mately half of the Ss contacted volunteered. Presentation of the stimuli 
followed similar orders, controls, and procedures as outlined for infants. 
Four Ss, instead of two were assigned to each series. The Ss were tested 
individually and were seated 40 inches from a large 70-inch square screen. 
The projected size of each pattern was 1 square foot. Thus, the visual 
angle subtended was approximately 14 that for the infants. Each S was 
asked to select the pattern, “ . . . you feel is more complex.” Each pair of 
stimuli was projected as long as S wished by allowing S to decide when 
to change to the next pair of patterns. At the end of the last comparison 
pair the 44-inch checkerboard stimulus was projected and S was asked, 
“What is this pattern composed of, what is it made up of?” This last 
procedure was performed to verify the degree of focus possessed by S. 
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АП Ss after the comparison pairs were presented saw the smallest ele- 
mented stimulus as composed of “little blocks" or "squares" indicating 
an adequate degree of sharpness of focus for these Ss under these 
conditions. 

Results. The frequency of choice for each pattern was computed and 
rankings of these orders were analyzed for any significant monotonic and 
nonmonotonie trends using procedures outlined by Ferguson (1965) for 
nonparametric trend analysis. Completely orthogonal stimulus dimen- 
sions to one another are listed in Table 1. Frequency of choice data thus 


TABLE 1 
“COMPLEXITY” AND “AMOUNT or CONTOUR” ORDERINGS 


Complexity: Randomness 


supersedes size of element Average Amount of contour Inches of 
= С — contour 
Order judges? Order їп pattern 
least 
1. 2-inch Redundant 1.38 1. 2-inch Random 99 
2. 1-inch Redundant 2.14 2. 2-inch Redundant 144 
3. }-inch Redundant 3.38 3. 1-inch Random 166 
4. ‡-inch Redundant 4.82 4. 1-inch Redundant 288 
5, 2-inch Random 3.96 5. }inch Random 299 
6. 1-inch Random 5.68 6. 4inch Redundant 576 
7. 3-inch Random 6.80 7. 43-inch Random 1163 
8. ğ-inch Random 7.84 8. ‡-inch Redundant 2304 
most 


в Rank of 8 represented highest possible “complexity.” 


collected would only reverse the relative position of the 14-inch redundant 
pattern and the 2-inch random pattern (see column headed, “Average 
rank, judges” in Table 1). Only a monotonic trend was significant for 
judged “complexity” (г = 15.69, p < .001) suggesting that a consistent 
“complexity” ordering was produced with rated “complexity” decreasing 
first as element arrangement varied (i.e., relative redundancy), and then 
as element size varied. This finding replicated earlier reports (Attneave, 
1957; Karmel, 1966b, 1969) suggesting a hierarchy of information theo- 
retic measures as extrapolated to “complexity” orderings. This apparent 
two-step process resulted in some conflict when the “most complex" 
stimulus by one rule opposed the “least complex” stimulus by another 
tule. The infant looking behavior then were analyzed by both “complex- 
ity” orderings using the information theoretic decision rules based on 
randomness superseding element size as one “eomplexity” ordering, and 
Judges’ ratings of “complexity” as the other. 
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RESULTS 


Verification of Control Procedures 


A 2x 7x 28 x 2 factorial analysis of variance of the amount of time 
spent fixating each stimulus of a pair with two independent factors of 
Age, and Presentation Series, having 2 Ss in each age group assigned to 
each Presentation Series, and with two repeated measures factors of 
"Trials, and Position (left or right) permitted analysis of the control pro- 
cedures. For this analysis all interaction terms are included in Table 2 


TABLE 2 
ANALYSIS OF VARIANCE TABLE FOR CONTROL PROCEDURES 
Source Mean square df F 
A (Age) 60.74 1 1.04 
B (Series) 68.07 6 1.16 
Error (between) 58.67 20 
C (Position) 78.04 1 .88 
АХС 13.89 1 15 
BxC 40.73 6 .44 
Error (within C) 93.51 20 
D (Trials) 10.33 27 2.58 
Linear 138.32 1 30.05 
Quadratic 29.98 1 6.11 
Cubic 38.98 T 10.28 
Residual 71.72 24 .76 
AXD 3.73 27 .93 
BXD 4.41 162 1.10 
Error (within D) 4.01 540 
Linear 4.60 27 13 
Quadratic 4.91 27 1.25 
Cubic 3.79 27 96 
Residual 3.94 459 
схр 22.97 27 .94 
AXCXD 17.03 27 .70 
BXCXD 17.60 162 .72 
Error (within C X D) 24.38 540 
ар < .05. 
bp < 01. 


except for those interactions containing cells with observations from only 
two Ss. The significance of any such interaction with only two Ss per cell 
would be essentially meaningless (for instance an Age X Presentation 
Series X Trials interaction). The variance attributed to these interactions 
were combined with the appropriate error terms. 

Decreased attention to patterns over trials. Combined time spent look- 
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ing at both stimuli on each trial diminished over trials regardless of stim- 
ulus comparison pair presented (F = 2.58, ај = 27/540, p < .01) as was 
anticipated by the design. Trend analyses of this general decrease in 
looking over trials, however, indicated that looking did not decrease uni- 
formly over trials. Although a linear trend is significant (F = 30.07, df = 
1/27, p < 01) and accounted for 5096 of the variance, the quadratic 
(F = 6.11, df = 1/27, р < 05) and cubic (F = 10.28, df = 1/27, p< 
01) trends significantly accounted for an additional 11% and 14%, 
respectively. 

This decrease in looking time measurements is plotted in Figure 2. 
Changes in slope of looking at stimuli over trials between trials 1-7 and 
trials 8-22 suggested a possible dark-adaptation effect interacting with 
S's attention to the task. This post hoc hypothesis is suggested since task 
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Tia. 2. Decrease in looking time over trials. 


onset began relatively soon after room darkening (see procedure), and 
the rapid decrease followed by a slower decrease seemed to mimic а 
scotopic-photopic dark-adaptation process. A change in slope from trials 
8-22 and trials 23-28 may have resulted from increased crying toward 
the end of the task. ‘These nonlinear effects further emphasize the multi- 
ple interaction of factors, both organismie and environmental, contrib- 
uting to looking time measurements in infants and necessitated averaging 
the 7 observations on each stimulus occurring over the 28 trials and using 
this mean as the dependent measure for effects in the main results. 
Position and. Age effects. In general, Ss did not look more to one posi- 
tion (left or right) than to the other position (Е = 88, df = 1/20, ns.) 


*F—294, df = 27/318, р < 01, if the variance associated with the Age X Series 
X Trials interaction is partialed out of the error variance. 
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or more during a partieular Presentation Series than during another 
(F — 1.16, df — 6/20, n.s.). Further, no Age differences in time spent 
looking at stimuli during the course of the experiment indicated that 
older Ss looked for as long a period as younger Ss (F = 1.04, df = 1/20, 
n.s.). This suggested that any difference between Age groups' responsive- 
ness to particular stimuli could not be due to absolute time spent observ- 
ing stimuli. The lack of significance of other main and interaction effects 
(Table 2) suggested that the control procedures employed balanced most 
extraneous sources of variance over stimulus presentations in the 
experiment. 


Main Results 


The lack of a significant Presentation Series effect permitted collapsing 
scores across Presentation Series groups. Thus the data were analyzed 
using average scores as previously discussed. This generated a 2X8 
analyis of variance with 14 Ss in each of the two Age groups and per- 
mitted testing effects of Stimulus Patterns and any Age by Stimulus 
Patterns interaction. As expected, the Stimulus Pattern factor (F = 
8.82, df = 7/182, р < .01) and the Age X Stimulus Pattern interaction 
(F = 3.14, df = 7/182, p < .01) were both significant. 

Trend analyses were performed on both of these partitions using the 
two distinct continua orderings of “amount of contour" and “complexity.” 
Since the “amount of contour" continuum represented a clear physical 
continuum, a parametric trend analysis clearly could be utilized (Winer, 
1962, p. 353). However, adjustments in the orthogonal weights assigned 
to stimulus points were necessary to reflect the unequal intervals along 
the continuum of the specific values of total edge contained in the con- 
structed patterns (Gaito, 1965). Since the intervals along the “com- 
plexity” continuum represented only an ordinal relationship, proper trend 
analyses would be to use a nonparametric trend analysis such as described 
by Ferguson (1965). This was done. However, in order to allow “com- 
plexity” explanations the most powerful statistical test possible, we, for 
the sake of demonstration, assumed an interval continuum with inter- 
vals equal to the mean rank of the judges’ “complexity” ratings between 
stimulus patterns. Thus, the parametric trend analysis for these data 
along a “complexity” continuum was assumed to be an approximation 
of a polynomial description of the observed trends, but at the same time, 
represents some limits for any such polynomial derived to account for 
the observed variance. 

The parametric trend analyses are summarized in Table 3. From а 
comparison of the proportion of sums of squares accounted for by each 
component in Table 3, it is obvious that some characteristic of the stim- 
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TABLE 3 
TREND ANALYSES OF TOTAL LOOKING Time MEASUREMENTS 
FOR HUMAN INFANTS 13 AND 20 WEEKS OF AGB 


Square root Actual amount Judges’ 

of edge of edge “Complexity” 

Source af SS F SS Е SS F 
Age 1 60.71 1.00 60.71 1.00 60.71 1.00 

Error 26 1582.71 1582.71 1582.71 

Stimuli 7 1250.00 8.82 1250.00 8.82° 1250.00  8.82* 
Linear 1 198.43 4.01 65.71 1.40 293.00 10:71 
Quadratic 1 1030.43 27.51 1051.86 26.31° 105.86 4.66 
Cubic 1 .00 .00 96.29 10.51 300.00 18.19° 
Quartic 1 1.00 11 14.14 1.31 127.14 5.79 
Residual 3 19.86 .54 22.14 .63 424.14 7.98" 
Age X Stimuli 7 445.00 3.14 445.00 3.14 445.00 3.14 
Linear 1 55.86 1.13 99.57 2.13 5.86 .21 
Quadratic 1 21434 5.73 66.43 1.06 2.57 gibt 
Cubic 1 166.43 19.13* 238.86 26.08° 2.14 .18 
Quartic 1 .00 .00 34.00 3.15 362.14 16.52° 
Residual 3 8.58 .23 6.14 .26 71.71 1.35 

Error 182 3682.00 = 3682.00  — 3682.00 — 
Linear 26 1287.00 4.03 1216.57 4.07 711.48 1.54 
Quadratic 26 973.71 3.05 1039.43 3.43 591.00 1.28 
Cubic 26 226.29 71 238.29 .79 498.71 .93 
Quartic 26 237.86 75 280.29 .98 571.00 1.24 

Residual 78 958.43 — 908.71 — 1381.14 — 


° Sum of squares is given rather than mean squares to facilitate comparison of propor- 
tion of variance attributed to each trend. 

èp < .05. 

ор < 01. 
uli along an “amount of contour" continuum seemed to describe the data 
with fewer parameters than description along а “complexity” continuum. 
A significant tetratonic trend (Table 4) for the nonparametric analysis 
of the “complexity” ordering would suggest а similar conclusion. A trans- 
formation of the stimulus continuum to the square root of the total inches 
of contour in the pattern seemed to be the simplest heuristic description 
of the stimulus factor and its relationships to age and total looking time 
(see columns in Table 2 under “Square root of edge”). Such a transforma- 
tion implies an involvement of the area of an element of a pattern in the 
determination of looking behavior using this paradigm. A “complexity” 
continuum, either determined by judges’ ratings of stimuli or by rules 
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TABLE 4 v 
Z VALUES OBTAINED USING NONPARAMETRIC TREND ANALYSIS OF TOTAL LOOKING 
TIME As FUNCTION OF JUDGES’ “COMPLEXITY” RANKINGS OF STIMULI 
Factor 
Age X Stimuli 
Trend Stimuli Younger Older 
Monotonic 2.692. 2.08 1.69 
Bitonic 2.44» 0.77 2.702« 1 
"Tritonic 4.63° 3.06 3.46 
"Tetratonic 3.06 0.65 3.65° 


? Using ranks derived from information theoretic measures, i.e., inherent randomness 
of elements superseding inherent size of elements as a basis for “complexity” orderings, 
а = .05. All other alpha levels remained the same. 

dp < 05. 

ер < 01. 


derived from information theoretic measures, could account for the data 
in either a qualitative or quantitative manner. However, to do so would 
ignore some simpler relationship between the edge contained in the pat- 
tern and subsequent time spent inspecting that pattern. 

Slope change of looking behavior with age. Separate analysis for sig- 
nificant trends across stimuli for each age group was performed to deter- 
mine the nature of the differences found by the Age x; Stimulus Pattern 
interaction. Since "complexity" definitions produced significant residual 
differences after the 4th order (quartic) trend was tested, further inter- 
pretation of the Age X Stimulus Pattern interaction using a “complexity” 
continuum would be meaningless except as individual comparisons of 
means between age groups at each stimulus point. Therefore, trends were 
determined only for the “amount of contour” continuum, The square root 
transformation of the amount of edge was used for this analysis since 
this transformation best accounted for the data. This analysis indicated P 
that younger Ss showed a significant quadratic trend in looking pattern 
to the stimuli (F = 9.10, df = 1/13, р < .01), while older Ss showed а | 
significant cubic trend (Р = 7.55, df = 1/13, р < .05). Figure 3 con- 
tains the plot of the Age X Stimulus Pattern interaction. The bold lines | 
at 18 and 20 weeks reflect the quadratic character of younger Ss’ and the | 
cubic character of the older Ss’ looking time measurements. The shift in | 
looking behavior along the "amount of contour" continuum with age i$ | 
apparent from the plotted data. A shift along a “complexity” continuum 
could only be described in terms of a specific stimulus pattern shift. 
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Fic. 3. Mean looking time for each stimulus plotted with respect to the square 
root of the amount of contour contained in the stimulus for different ез үле 
letters (C) and (R) represent redundant and random patterns, respectively. Num- 
ber prefix indicates size of element used for construction. (Example: 4C represents 
the 44-inch redundant pattern.) A lower case (c) represents the regungen leue 
of elements of patterns used by Brennan et al. (1960) or Herschenson (1964). TO 
number preceding the lower case (c) would be equivalent to the check size Rap 
these investigators. 


DISCUSSION 


We conclude that this type of looking behavior decreases with decreas- 
ing amounts of. contour in the stimulus pattern, and also decreases when 
а great deal of contour exists in the pattern. A shift in the ability to 
process edge information as-represented in this study by an increase In 
age is argued to produce a corresponding shift in this apparent inverted 
U-shaped function-of looking behavior with the amount of edge. Since 
edge increases exponentially with linear change in visual angle, the im- 
portance of а square root transformation on the stimulus dimension 
would imply that the area over which edge occurs would be critical for 
looking time-measurements in tasks using patterned stimuli. Although 
area of a pattern was held constant in the study reported here, this trans- 
formation implied interaction of quantities of contour in the stimulus 
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over some absolute area on the one hand and looking behavior on the 
other, and, thus further implieated an explanation in terms of contour 
processing abilities. Interpretation of the behavior in terms of “сош- 
plexity” and shifts in preferred “complexity” levels would necessitate the 
use of "amount of contour" to define complexity. This usage is not 
warranted when differences in the arrangement of elements comprising 
patterns exists. 

The shifts in fixation preferences with age towards greater "amounts 
of contour” rather than “complexity,” along with known changes in tex- 
ture processing abilities with age (Fantz ef al., 1962), support explana- 
tions of preferences in terms of organismie capabilities and capacities 
related directly to processing the texture information from the environ- 
ment. Further, the character of the looking behavior in the older, 20-week 
infants indicated that patterns of the nature used containing lesser 
amounts of contour appear to be equivalent. Thus, selection of stimulus 
points in this region would be misleading as it would lead to a conclusion 
that “amount of contour” was not involved in these fixation preferences 
at this age. The presence of an inverted U-shaped function of fixation 
preferences for a range of values in both age groups as well as the subse- 
quent equivalence of certain lesser contoured patterns and shift in the 
apparent peak-preference point in older Ss could be interpreted using 
uncertainty reduction notions of information theory (Munsinger and 
Kessen, 1966). For such a notion to be meaningful, however, the shift in 
terms of uncertainty reduction must be related to specific physical visual 
ambiguities produced by pattern processing differences of this edge infor- 
mation at different ages as opposed to a more cognitive, reduction of 
uncertainty associated with some set of experiential events or experiences 
specific to these patterns. 

If these conclusions hold, data collected by others should generally fall 
into this pattern of responding. The thin-lined curves of Figure 3 are 
hypothetical curves inferred from the looking time data reported by 
Brennan et al. (1966) for 3-, 8-, and 14-week-old Ss and by Herschenson 
(1964) for newborns. The distances from S to the stimulus patterns used 
by these investigators were approximately the same as used in the study 
reported here. However, the size of a pattern and, thus, the total area of 
pattern was only 6 inches square. To equate for density of edge per area 
of pattern, the relative position of the stimulus along the abscissa was 
determined by assuming that the same element size contained in the 
6-inch square checkerboard occurred in a pattern 12 inches square. The 
amount of contour was then calculated on the pattern with the larger 
area and the square root of this value was used to plot the corresponding 
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location of these points along the abscissa.’ The hypothetical curves 
produced implied by extrapolation of the data to an “amount of contour” 
continuum and subsequent shifts of looking behavior with age produces 
the same ordinal relationships of empirically produced preferences to 
stimulus patterns reported by the investigators. 

Differences in the most preferred portions of the “amount of contour” 
continuum as a function of species (Karmel, 1966a, 1969) would indicate 
that the basic relationship between “amount of contour” and preference 
behavior could be maintained with developmental shifts as well as spe- 
cies differences viewed in terms of increased or decreased capacity to 
process the contour information from the environment. Similarity of 
shifts in preferences with development as well as similarity of prefer- 
ences across species tend to detract from explanatory concepts of these 
behaviors which are species-specific, and tend to shift hypothetical con- 
cepts in terms of a common set of parameters, perhaps physiologically 
based, for this type of behavior. Such an interpretation, based on activity 
levels of cells in the visual system responsive to edge information has 
been suggested elsewhere (Karmel, 1969). 

Finally, it is suggested that shifts or differences in acuity or other 
texture processing abilities not only with age (Fantz et al., 1962; Wilson 
and Riesen, 1966), but also with species-specific optic characteristics 
(Walls, 1942) or rearing experience (Wilson and Riesen, 1966; Riesen, 
Ramsey, and Wilson, 1964) may be more important for understanding 
normal visually dependent functioning than previously surmized. 
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Dimensional Shifts and Cue Retention in 
Retardate Discrimination Learning” 


THOMAS Е. CUNNINGHAM 
Oklahoma State University 


The theoretical systems of Zeaman, House, and Goodwin and Lawrence 
were used to predict performance in intradimensional (ID) and extradimen- 
sional (ED) shifts and in conditions designed to test the retention of pre- 
viously acquired cues. Sixty retarded children were divided into six groups 
and given the same original training on & simultaneous visual discrimination 
problem. Groups were given either two successive ID or ED shifts after 
original training. Within each second shift, three types of cue conditions 
were present: (a) The same condition which had the identical cues and rein- 
forcement contingencies of original training, (b) the New condition in which 
cues, not experienced previously, were used, and (c) the Reversal condition 
in which the cues of original training were present but reinforcement con- 
tingencies reversed. The findings were: (a) ID-shift performance was superior 
to ED-shift performance in the second shifts and (b) performance in the 
Same condition was superior to performance in the New and Reversal con- 
ditions. Implications of these findings for the Zeaman and House and Good- 
win and Lawrence positions are discussed. 


Zeaman and House (1963, p. 166) postulate that a chain of two re- 
sponses is required to explain retardate discrimination learning: (a) 
An attentional or observing response to the relevant dimension and (b) 
an instrumental approach response to the correct cue of that dimension. 
The probability of observing the relevant dimension (Po) and the 
probability of approaching the correct cue (Pr) develop as a result of 
reinforcement and are altered by various transfer operations, e.g., ID 
and ED shifts. In an ID shift, the relevant dimension of the previous 
problem remains relevant but new cues of that dimension are intro- 
duced. An ED shift involves the substitution of a new relevant dimension 
for the previously relevant dimension. House and Zeaman (1962) com- 
pared the performance of retarded Ss in ID and ED shifts in simul- 


taneous two-choice visual discrimination problems and found ID-shift 
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performanee was superior. Bernsberg (1958), and Campione, Hyman, 
and Zeaman (1965) have reported similar results with retardates. Zea- 
man and House (1963, p. 193) account for ID-shift superiority by 
assigning different Po values to the start of ID and ED shifts. The high 
Po acquired in original training (OT) remains high in an ID shift 
since the same dimension is relevant in both stages of training. How- 
ever, transfer from OT is poor and Po is low in an ED shift since a 
new relevant dimension is used. 

House and Zeaman (1963b) investigated retardate learning set 
formation on 108 two-choice visual diserimination problems. A stimulus 
pool of four objects provided an opportunity to test for cue retention 
by manipulating stimulus overlap and reinforcement contingencies on 
successive problems. No evidence for cue retention was found. Goodwin 
and Lawrence (1955) reported cue retention in rats on successive ED 
shifts when the relevant cues of the second shifts were those of OT. 
Two cue-conditions were used in the second shift problems: (a) The 
same positive and negative cues of OT were used and (b) the OT 
positive and negative cues were reversed. Performance in the former 
condition was superior in the second shift and subsequent ED shifts 
using a similar paradigm. Goodwin and Lawrence (1955, p. 442) propose 
a chaining mechanism to account for their findings: (a) An identification 
of a dimension or set of stimuli and (b) the establishment of preference 
between stimuli within a set. The acquisition and extinction of the 
identification response are assumed to occur more rapidly than the 
establishment and extinction of cue preferences. This assumption pro- 
vides for cue retention since, in an ED shift, the rapid extinction of 
the original identification response prevents exposure of the cues of 
the OT dimension to extinction and permits positive transfer when the 
OT dimension and cues are made relevant in the second shifts. 

The observing response of Zeaman and House and the identification 
response of Goodwin and Lawrence are similar in function, ie., each 
selectively limits the number of cues to which instrumental responses 
become associated. The Goodwin and Lawrence assumption of a rapidly 
established and extinguished mediating response is in contrast to the 
assumption of Zeaman and House (1963, p. 214) that mediating and 
associative processes may occur at a similar rate. Finally, the emphasis 
on eue retention in the system of Goodwin and Lawrence has no parallel 
in the system of Zeaman and House. 

The present investigation assessed the relative adequacy of the above 
mentioned theories to account for both the dimensional shift performance 
and cue retention of retarded Ss. Ss were given either two successive ID 
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or ED shifts after OT. Within each second shift, the dimension of oT 2 
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was relevant and the cues of that dimension were manipulated to pro- 
duce three conditions: (a) The Same cue condition which had the iden- 
tical cues and reinforcement contingencies of OT, (b) the New cue 
condition in which cues, not experienced previously, were used, and (c) 
4he Reversal cue condition in which the identieal eues of OT were 
present but the reinforcement contingencies associated with these cues 
"were reversed. 

According to the Zeaman and House (1963) position, it is hypothe- 
‘sized that ID-shift performance is superior to ED-shift performance 
in each of the successive shifts. No hypothesis concerning differential 
performance among the three cue conditions in the second shifts is 
possible since House and Zeaman (1963a, p. 319) do not postulate 
retention of cue probabilities (Pr) across problems which involve the 
learning of new cues. Goodwin and Lawrence (1955) are unable to 
predict ID and ED-shift differences since their mediating response 
mechanism operates more rapidly than the rate of aquisition and ex- 
tinction of overt instrumental associations. However, the Goodwin and 
‘Lawrence emphasis on cue retention indicates differences in performance 
‘among the cue conditions; i.e., performance in the Same cue condition 
4s hypothesized superior to performance in the New and Reversal cue 
‘conditions since the positive cue of OT is the positive cue in the Same 
‘condition, is absent in the New condition, and is used as the negative 
cue in the Reversal condition. Performance in the New condition falls 
between the Same and Reversal conditions. 


METHOD 

Subjects. The Ss were 88 institutionalized retardates, selected ran- 
domly from an MA range of 515-1015 years, irrespective of past experi- 
ence and clinical diagnostic category. However, all $s had normal hearing 
and vision. Twenty-eight of the 88 Ss failed to reach acquisition crite- 
rion, 24 in OT and 4 in the first ED shift. Sixty Ss were used through- 
out the experiment. These were randomly assigned to each of six experi- 
mental groups with the provision that each group had an equal number 
.of Ss, and that the range of MAs and average МА of each group were 
approximately equal. The descriptive statistics of the six groups fh 
presented in Table 1. 

Apparatus. The apparatus was а Version of the Wisconsin General 
"Test Apparatus (Harlow, 1942), as modified by Zeaman and House 
(1963). Tt consisted of a table with a sliding stimulus tray 30 X 12 А 
"With two circular foodwells 2 inches in diameter centered 12 inches 
apart. A one-way screen was positioned across the center of the table 
-which permitted observation of S's behavior during testing. 
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TABLE 1 
MA anp CA CHARACTERISTICS OF EXPERIMENTAL GROUPS 
MA (in years) CA (in years) 

Mean SD Mean SD 
ID-Same 7.2 1.4 15.7 3.3 _ 
ID-New 7.8 1.2 14.7 3.4 
ID-Reversal 7.2 1.5 13.3 2.18 
ED-Same 7.2 1.4 13.2 2.8 
ED-New 7.2 1.2 14.8 2:720 
ED-Reversal 7.3 1.4 14.5 2.2 


The stimuli were painted forms cut from 14-inch masonite mo 
vertically on 4 4-inch masonite bases. The height and width of 
stimulus was 2 inches. A total stimulus pool of 36 objects was 
six different forms (triangle, circle, square, cross, T, and diamond) i 
each of six colors (red, blue, yellow, green, black and white). 

General procedure. Each S was brought into the experimental roor 
seated before the apparatus, and informed he was going to play 
“candy game.” Three pretraining trials preceded the initiation of e 
perimental trials. Each pretraining trial consisted of placing candy 
full view of S in one of the two foodwells and instructing S to find 
candy. No covering was placed over the foodwells in Trial 1. In Tri 
2, two identical plexiglass wedges partially covered the foodwells. 
foodwells were completely covered by the wedges on Trial 3. Aft 
completion of pretraining, the testing session was begun. A te 
session consisted of 25 trials per day. Acquisition criterion was 20. or 
more correct responses during a daily testing session. 

The same procedure was used for all test trials. Before beginning. 
trial, the stimulus tray was pulled behind the one way screen, а 
candy reward (M & M) was placed in one of the two foodwells, 
the foodwells were covered with the appropriate stimulus objects. 
trial consisted of pushing the stimulus tray in front of S and permitti 
him to make a single choice of the stimulus objects. A noncor ection | 
procedure was used. In addition to the candy reward, E said “Good” if 
the response was correct, and "No" if it was not. The position of the 
correct stimulus was varied according to the Gellerman (1933) series. А 


Training Stages d. 
Stage 1. Ss were divided into six groups of equal size (N = 10). These 


groups were labeled according to the dimensional shifts and cue со! 
ditions of the training stages: ID-Same, ID-New, ID-Reversal, ED- 


SHIFTS AND СОЕ RETENTION 359. 


Same, ED-New, and ED-Reversal. An example of the training sequences 
for the six experimental groups in terms of the relevant and irrelevant 
cues used in each stage of training is presented in Table 2. x 
All Ss were given OT on а form-relevant problem in which color was 
varied and irrelevant within trials. Two forms and two colors were 
chosen independently and randomly from the stimulus pool of six forms 


TABLE 2 
Сотов (C) anp Form (F) Cues ron THREE TRAINING Sraces* 
Trials Original Training 
1 + = 
Cı Fı Cs № 
red A blue O 
2 + = 
Cs Fı о № 
blue A red O 
ID Shift—no. 1 ED Shift—no. 1 
1 + c + - 
о, F; C, Fı Cs РЕ, ©, Fı 
à white T black O green Т yellow O 
» * - * - 
C Fs Cs Fa Co FK, Oh 
black T white O green O yellow T 
ID Shift—no, 2 and ED Shift—no. 2 
Same New Reversal 
т ано i ———— 
1 + - + - + - 
Cı Fı Gk Gn OR ою Gh 
red A blue O blue cross red © red O — blue A 
2 + ra + = + - 
Cı Fı OG Fs Cı Fs, Cs Fe Gh QF 
ble A red O red cross blue © blue O red A 


* A relevant cue was never used in a subsequent problem as an irrelevant cue. 


and six colors. Each S was randomly assigned one of the form cues as 
positive with the provision that each of the form cues appeared equally 
often across Ss as the positive cue. Each irrelevant color cue was 
randomly assigned to one of the form cues within а trial, and the two 
cues appeared equally often with both form cues across trials during 
training sessions. The same procedure was applied to the relevant and 
irrelevant cues of each problem for each S throughout the experiment. 
Training consisted of reaching acquisition criterion plus 100 over-learning. 
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trials. The failure criterion for OT was 200 trials without reaching 
acquisition criterion. 

Stage 2. Ss in the three ID groups (ID-Same, ID-New, and ID- 
Reversal) were given the first ID shift in which form was relevant and 
color was variable and irrelevant within trials, Two new form cues were 
selected from the four which had not been used in OT. The remaining 
four color-cues were set in all possible combinations of two and randomly 
assigned to each S as the variable irrelevant cues. For Ss in the three 
ED-groups (ED-Same, ED-New, and ED-Reversal), the first ED shift 
had color relevant and form variable and irrelevant within trials. The 
color cues not used in OT were set in all possible combinations of two, 
and one set randomly assigned each S. Two new form-cues were chosen 
from the form cues not used during OT and served as the irrelevant cues 
of the first ED shift. 

The failure criterion for the first ID- and ED-shift problems was 
300 trials without reaching acquisition criterion. One hundred trials 
of overlearning were given each S after reaching acquisition criterion. 

Stage 3. The three ID-groups were given a second ID shift and the 
three ED-groups were given a second ED shift. Form was the relevant 
dimension and color was variable and irrelevant within trials in both 
shifts. The ID- and ED-Same groups received the same form cues and 
reinforcement contingencies of OT. Ss in the ID- and ED-New groups 
were given two form cues which had not been used previously. Ss in 
the ID- and ED-Reversal groups received the form cues of OT and à 
reversal of the OT reinforcement contingencies. The irrelevant color- 
cues were selected for each S in the following manner: (a) By eliminat- 
ing the color cues employed in the preceding problem of Stage 2 and 
(b) by randomly selecting one of the possible six combinations of the 
remaining four colors. 


RESULTS 


The dependent measure used in all analyses was the number of errors 
to acquisition criterion. A logarithmic (X + 1) transformation of error 
scores was used to correct for heterogeneity of variance. Mean log 
errors and standard deviations for each goup in Stage 1 and for the ID 
and ED shifts of Stage 2 are presented in Table 3. 

The performance of the six groups in Stage 1 was analyzed to de- 
termine if there were differences among groups prior to the presentation 
of shift conditions in Stage 2. A one-way classification analysis of 
variance indicated no effect of groups on performance (Е < 1). A € test 
of ID- and ED-shift means in Stage 2 was made by comparing the 
average performance of the three ID- and three ED-groups. Shift means 
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TABLE 3 i 
MEAN Loc ERRORS AND VARIANCE FOR STAGE 1 AND Srage 2 
Groups ! 
ID | ED 
Statistics Same New Reversal ‘Same New Reversal 
1 
Stage 1: OT 
Mean log errors 1.14582 0.80429 0.86929 0.84470 0.94997 0.87830 
Log variances .39937  .41470  .24231  .24080 .30762 .22529 


Stage 2: ID Shift no. 1 and ED Shift no. 1 


Mean log errors .137422 1.07625 . 
Log variances .14487 .27493 


and variances for the ID and ED groups were .374, .145, 1.076, and 
275, respectively. Since the shift variances were unequal (F = 1.89, 
df = 29 and 29,p < .05), each estimate of variance was used in com- 
puting the denominator of the ¢ test. A conservative approximation of 
the tabulated é value, t (Steele and Torrie, 1960, p. 81) was used as 
the criterion measure against which the calculated ¢ value was compared. 
The £^ value corresponds to the tabular ¢ for 29 degrees of freedom. 
Performance in the ID shift was superior (t = 5.94, df = 29, p < 001). 

A completely randomized design with a dimensions (ID, ED) by 
cues (Same, New, Reversal) factorial arrangement was planned to 
examine shift differences and cue retention in Stage 3. However, the 
assumption of homogeneity of variance within all six treatment groups 
was rejected because of the atypical performance of the ID-Same group. 
The ID-Same group had zero mean and zero variance; i.e., Ss responded 
to the correct cue without error. A Barlett/s chi-square test (Steele and 
Torrie, 1960, p. 347) of homogeneity of variance of the remaining five 
groups did not lead to rejection of the assumption (X* = 5.91, df = $, 
p> 10). A single classification analysis of variance was performed on 
the data of these five groups to obtain an estimate of the common error 
variance (s%e = 24449, df = 45). To make the preplanned comparisons 
of Stage 3, a series of orthogonal contrasts (Steele and Torrie, p. 215) 
among treatment means was made using the Least Significant Difference 
statistic (Steele and Torrie, 1960, p. 106) as the criterion measure. 
Pertinent information for the orthogonal comparisons is presented in 
Table 4. Least Significant Difference values were obtained for each 
comparison by multiplying the error variance by the square of each 
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coefficient and summing, and by using a tabular ¢ value for 45 degrees 
of freedom. The findings were: (a) The average performance of the 
ID-shif& groups was superior (р < .01) to the average performance 
of the ED-shift groups, (b) the average performance of the ID- and 
ED-Same groups was superior (p < .01) to the average performance of 
the ID- and ED-New and Reversal groups, and (c) there was no evidence 
of interaction (p > .50) between dimensional and cue conditions. 

The average performance of the ID and ED groups in Stage 1 and 
Stage 2, and the average performance of each of the six groups in. 
Stage 3 is plotted in Fig. 1. 


A Same 
О New 
O Reversal 


Mean Log (X + 1) Errors 


—— 10 


100 ai ED 


1 2 


Stages of Training 


Fi. 1. The average performance of the three ID and three ED Groups in Stege 1 
and Stage 2, and the average performance of each group in Stage 3. 


DISCUSSION 

Тһе Zeaman and House (1963) prediction of superior ID-shift per- 
formance is confirmed by the comparison of ID and ED groups in Stage 
3. Group comparisons of Stage 2 are not used to support the prediction 
of shift differences since different tasks were used in each shift. Shift 
differences are confounded with task difficulty; ie. color is а more 
difficult dimension than form for retardates to learn (House and Zea- 
man, 1962). However, the ID and ED shifts of Stage 3 had identical 
transfer tasks and are free of the confounding effect of task difficulty. 
The use of identical shift tasks following different initial tasks is similar 
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to the transfer design recommended by Slamecka (1968, p. 425) for 
the evaluation of shift differences. 

The Goodwin and Lawrence (1955) system accurately predicted the 
relative levels of performance in the cue conditions of Stage 3. Table 
3 indicates that, within the ID and ED shifts, the performance of the 
Same groups was superior to the performance of the New and Reversal 
groups. It can also be seen in Fig. 1 that in both shifts the best per- 
forming groups were the Same groups and the groups having the most 
errors were the Reversal groups. According to Goodwin and Lawrence, 
the ability to predict performance in the cue conditions of Stage 3 re- 
quires: (a) The retention of cue preferences of Stage 1 across Stage 2 
learning, and (b) the assumption that the identification responses to 
the OT-dimension is rapidly extinguished with the introduction of Stage 
2 problems and thus preserves OT-cue preferences. The present findings 
support the possibility of the cue retention. However, the significant 
differences between ID- and ED-shift performance in Stage 3 indicated 
that the assumption of the rapidly acquired and extinguished identi- 
fication response requires modification if cue retention is to be explained. 

In the Zeaman and House theory, the performance of the Same, New, 
and Reversal groups in the ID and ED shifts of Stage 3 can not be 
explained. In order to explain differential performance among the ID 
and ED groups, a retention postulate could be introduced which would 
provide for the retention of Pr from Stage 1 to Stage 3. This postulate 
would require the assumption of independent probability systems for 
each different relevant set of cues. Thus, a high Pr for the positive cue 
of Stage 1 is not extinguished by training on the new relevant cues of the 
OT dimension in Stage 2. With the introduction of the relevant set of cues 
of Stage 1 in Stage 3, the instrumental probabilities associated with these 
cues are the same as in Stage 1. Within each set of relevant cues, the 
probabilities of approaching the positive and negative cues are mutually 
exclusive; i.e., Pr for the positive cue and 1-Pr for the negative cue. · 
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Size-Constancy in Children Measured by a Functional 
Size-Discrimination Task! 


Jupira L. RAPOPORT? 
National Institute of Mental Health 


Since an instruction-produced attitude did not reliably affect the size- 
judgments of children below 10 years of age in a previous size-constancy 
task, a discrimination task for size at a distance was devised to compare 
the performance of three groups of children below the age of 10. With level 
of difficulty held constant for the three groups, there was no difference in 
the extent to which distance affected their size-discriminations. A college-age 
group did differ from the children, however. There was no simple relation 
between performance of the discrimination task and explicit attitudes about 
size-distance relationships, but the college-age group was better at size- 
discrimination, per se, and may have been attending to different aspects of 
the stimulus situation. 

There was no significant correlation for individual differences between 
the functional size-discrimination task and a more traditional size-constancy 
task. 


The majority of developmental studies of size-constancy have demon- 
strated an increase in constancy with age, but some investigators have 
not (Cohen, 1958; Frank, 1926). One problem in measuring constancy in 
young children is the difficulty in equating motivation, interest, and task 
attitude across different age groups. The results of some studies showing 
an age trend were probably biased by the need for considerable selection 
in those respects at the youngest ages (Beyrl, 1926; Piaget and Lamber- 
cier, 1951). Recent work has supported the idea that task attitude is ап 
important factor in size-constaney judgments (Carlson and Tassone, 
1967) and this finding has been extended to a school-age population 
above the age of 10 (Rapoport, 1967). Below age 10, task attitude could 
not be manipulated verbally and thus the wording of a given set of 
instructions cannot be presumed to insure a homogeneous approach to 
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available for these experiments, Miss Sadie Fishman, for her skillful assistance in 
testing the children, and Mr. William Н, Jones, for technical assistance. 
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the task across ages. Above 10, an age trend for size-constancy was 
obtained with one set of instructions, stressing objective physical size, 
while with another, emphasizing apparent size, it was not. 

The present experiment represents an attempt to establish motivational 
homogeneity in a size-constancy situation, without having to rely on 
verbal instructions. Thus children’s size-constancy was measured in a 
size-discrimination task in which functional discriminative capacity was 
assessed without invoking explicit judgments about size-distance rela- 
tionships. It was hypothesized that with difficulty, motivation, and task 
attitude kept constant, there would not be an age trend for size-constancy. 
To determine whether performance on the discrimination task was in 
fact unrelated to a verbal concept of the size-distance relationship, a 
perspective task appropriate for use with young children was also 
devised. In this task, the children were asked how a stimulus object might 
be made to look farther away without actually moving it. 


METHOD 


Subjects. The subjects were 48 students at a nearby day camp and 16 
college-age counsellors. There were four age groups (mean ages 5.4, 7.4, 
10.1, and 20.3 years) with 8 males and 8 females in each group. The 
children were volunteers from the day camp who were told that they 
would help E try out a new game. The college-age subjects were told 
that they were a control group for the study of size-discrimination in 
children. An additional 32 paid college volunteers (Adult II in Table 1 
below) were tested at a later date with the same procedure and apparatus 
in another setting. 

Apparatus. The subject was seated at the head of a table 24 feet long, 
24 inches wide, and 30 inches high. This was covered with a continuous 
Piece of green felt upon which were five parallel HO-gauge electric train 
tracks placed 5 inches apart from each other, which ran the length of the 
table. On each track was a black HO-gauge electric train engine with 
one freight car attached. The stimulus material, five small black card- 
board triangles were supported by black wooden platforms on the roofs 
of each of the five freight cars. The triangles were isosceles with an 
altitude-to-base ratio of 1. Each triangle differed in size. The smallest 
had a 3-inch height and there were four possible sets of triangles increas- 
ing in increments of 14, 16, 349, or 14g inch in base and height. The sup- 
porting blocks were all 1 inch square. The background was а white sheet 
of paper on the wall behind the far end of the table. 

All five tracks were wired such that a train could be positioned ашо- 
matically by E at any one of six possible places; а “home” position 1 
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foot 8 inches from the subject's end of the table, and positions 1-5 whieh 
were from 5 feet 5 inches to 20 feet 5 inches from the table end. 

E sat at the side of the table near the subject, Directly in front of 8 
was a control panel on which were five switches, each aligned with а 
train track and controlling the train for that particular track. 

The testing was conducted in а room 30 X 12 feet, It was well illumi- 
nated with overhead fluorescent lighting. There was miscellaneous 
furniture in the room and cues to distance were good. 

Procedure. Subjects were asked to select the largest (or smallest) 
triangles when the trains were all at the same distance (either 1 foot 8 
inches, or 20 feet 5 inches from S). Instructions were: “We are going to 
play а game to see if you can tell which of these is the biggest (littlest) 
triangle. Choose the right one by calling the train home with the switeh 
in front of its track. Can you pick the biggest one now?" 

After the S had chosen, he was told if he was correct and asked to piek 
the biggest (littlest) of the four remaining triangles until all but one was 
chosen. Thus, for each stimulus display of five triangles, S made four 
choices, 

The experimenter altered the seta of triangles until Ss made no more 
than one error in the choices for both distances combined, This procedure 
had been found to insure an error leveled about 60% when the stimuli 
were discriminated at different distances from each other, For mom 
, 14 inch step sizes between triangles were used, for the adults, 
was most frequent. 
following instructions were given: “We will now make the game 
placing each train in a different place along the table, You 
continue to do as you have done, calling home the biggest (littlest? 
(littlest) of those that are left on the table, 


1 


i 


Hi 
ЕЕ 
f 
БЕ 

i 


Я 
if 
Í 
Li 
і 
- 
f 
i 
| 


T3 


AIEE-OONNTANOY IN CHILDREN мә 


trial. Upon completion of the task, subjects were asked for а qualitative 
description of how they had gone about the task. The seated eye height 


of each S was measured, 


Additional Testa 


Size-constancy. Eight Ss from each of the day camp groups and all of 
the second adult group were given in 
which а far variable triangle was matehed with a near standard, The 
procedure was similar to that of Carlson (1967). Two instructions, 
Objective and Apparent size were given each 8, The 

are part of а larger study discussed more extensively elsewhere Rapo- 
port, 1967). 

Perspective task, The three children's groups were shown the apparatus 
for the size-constaney task deseribed above with 
same distance of 5 feet from the S. The Ss were 
chango tho size of this triangle so that it 
other one without really moving it?” This was repeated five times 


each S 


Results 
Tho experimental task was highly successful in engaging (Һе interest 


and attention of the children. Two 5-year-old subjects had to be discarded 
because they could not reliably make the sise diserimination when the 
triangles were all at the same distance with the easiest set of triangles, 
For most of the children, 14 ineh-step sizes between triangles could be 
discriminated perfectly when at tbe same distance from 5, but gave 
approximately а 50% error level when the trains were exch at different 
distances in the experimental trials, This error level provided suficient 
erro to handie statistically, while eneuring enough тиенне to Вер the 
kiren motivated. 

Attention of all groups was sustained throughout the tenting period as 
measured by their ability to diseriminale the pises at the кши diamo 
М the end of the canton, np vell an hy SES 

error level from the beginning to 

As each subject was presented tbe experimental display of trains eight 
times, be made a total of 32 eboiees (four choices for each stira array 


- 


of five trains). The results are given for each age group in Table 
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TABLE 1 
Mean PROJEOTIVE Responses ON SizE-DISCRIMINATION TASK 


Error level (95) 
N 


choices were too near when the task was to choose the largest ti 
and too far when instructions were to choose the smallest triangle. 
The absolute error level was almost identical for the three chi 
groups but was clearly less for both adult groups than for the cl 
Most of the children used the 14 inch-step size between triangles, ali 
а few of the youngest group had to be given the easier set (14-inch 
and several of the 9-year-olds required 345-inch steps to produce 4 
error in the initial diserimination task. The adult group, however, 
either the 345 or !4s-inch sets, as they could discriminate the sizes 
the triangles were at the same distance better than the children 
Even with this more difficult task a 5096 error level could not be ob 
Within each group there was no correlation between step size used, erro 
level, eyeheight, and percentage of projective errors. 
Percentage of projective errors, the measure of the relation of dis 
to errors in the size-judgments, did not differ significantly for the thn 
children’s groups (F = 0.410, df = 2,36). All children’s groups 8 
relative undereonstaney in the sense that their errors were greater 
50% in relation to projective size. These results were highly co 
There were only 4 individual exceptions out, of 48 children. However, 
adult groups showed no relation of errors to projective size and 
they are included in an analysis of variance, there is a significant ¢ 
with age for percentage of PE (F = 2.94, p < .05, df = 3,48). 
There was no significant correlation between the percent of projec 
errors on the train-task and the size-constancy measure by 
setting under either instruction, for any of the children’s or adult g 
The adult group gave qualitatively different descriptions of how they 
made their size-judgments. Some stated that they attended to the ratio 
of each triangle to its supporting block while others compared 
triangles as they passed each other when they were brought back by 
an active way. Children did not verbalize as much activity and 
uniformly indicated that they simply picked one which “looked” 
or smallest. 
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Perspective task. И a child set the triangle smaller, three or more out 
of the five times, in response to the question, “Make this triangle look 
twice as far away,” it was scored as a “perspective” response, 

As Table 2 indicates, there was a clear progression over this age range 
toward a perspective setting for this task. 


TABLE 2 
TRIANGLE SETTING FOR PERSPECTIVE TASK* 
Age Set smaller Set bigger Unclear 
5 7 7 2 
7 10 4 2 
9 15 1 0 


* Response to task of making triangle look “far away.” 


DISCUSSION 


One striking feature of these results is the high accuracy of size-at-n- 
distance judgments of all groups with this task. Even the youngest group 
made 14-inch size discriminations over а 21-foot distance with greater- 
than-chance frequency. 

The hypothesis of no age-trend for size-eonstancy was confirmed in 
the respect that there was no difference among the children’s groups in 
the percentage of projective errors on the discrimination task, Similarly, 
no support for the influence of an explicit concept of а perspective sizo- 
distance relationship on the experimental task was found; the 5 and 
9-year-old groups had almost, identical percentage of Projective Errors 
although differing greatly in their responses to the perspective task. In 
addition, there was no correlation for the children's or adults responses 
in the size-discrimination task with performance on the standard siso 
constancy measure under either “Objective Size” or “Apparent Sine 
instructions, i 

In spite of the absence of an age trend within the children's groups, 
there was a significant difference between children’s and adult groups in 
the percentage of Projective Errors—adults errors were not significantly 
related to distance while the children’s were. Adults were markedly 
better at the absolute size-discrimination task (with the triangles at the 
same distance); with the most difficult set of triangles, they still made 
fewer errors than the children. It may be that the adult judgments were 
во nearly perfect that a qualitatively different task was performed in 
which the sources of error were different рее poe for — 
Subjective descriptive reports indicated that ше group 
likely to мушу comics the relation of each triangle to its immediate 
surround, i.e, the supporting wooden block. None of the children gave 
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Dimension Preference and Performance on a Series of 
Concept Identification Tasks in Kindergarten, 
First-Grade, and Third-Grade Children! 


MERRILL M. MrrLER AND Lauren Harris 
Michigan State University 


Data are presented relating children's preferences for stimulus dimension 
(form, color, and number) to performance on concept-identification tasks 
involving preferred and nonpreferred dimensions. The Ss were 77 kinder- 
garten, first-, and third-grade children. As the measure of dimension prefer- 
ence, all Ss sorted cards from the Wisconsin Card Sorting Test. They then 
performed concept-identification tasks employing the same cards. Seventy- 
five of the 77 Ss showed significant dimension preferences, 59 Ss preferring 
form, 9 number, and 7 color. All 59 form-preferring Ss eventually reached 
criterion for each dimension task. Trials to criterion on each task, however, 
varied significantly among levels in school and among dimensions. Per- 
formance on the concept identification tasks was directly related to level in 
school. Across levels in school, the form task was most easily solved, color 
next, and number least. 

The superiority of third-graders to kindergarteners on the concept 
identification tasks was apparently not a function of immediate prior expe- 
rience on the preference test, since the same difference obtained in control 
kindergarteners and third-graders who received the concept tasks before the 
preference test. On the number task, however, significantly more control 
than experimental kindergarteners reached criterion. Furthermore, 47% of 
the control Ss had significant dimension preferences compared with 97.4% 
of the experimental Ss. These differences apparently resulted from differ- 
ences in immediate prior experience. 


There is much research showing developmental changes in how children 
group, or categorize, multidimensional objects in free-sort situations. As 
early as 1914 Descoudres found that with increasing age, preference for 
color decreased, and preference for number increased. Preference for 
form remained relatively high and constant with increasing age. Des- 


This paper is based on a thesis submitted by the first author, under the 
second author’s direction, to the Department of Psychology, Michigan State 
University, in partial fulfillment of the MA degree requirements. The research was 
supported by a grant to the second author from Michigan State University. 
Responsibility for design, execution, and report of this research rests equally with 
both authors. Portions of this research were reported at the meetings of the Mid- 
west Psychological Association, Chicago, 3 May, 1968. 
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coudres held that her dimension preference findings could not be construed 
as indexes of whether other dimensions were perceived, since many Ss 
asked questions specifically naming the other dimensions involved. Ас- 
cording to Descoudres, these questions indicated that all dimensions were 
"available" for at least some Ss. 

Later studies have dealt primarily with color and form preferences 
and, generally, have corroborated Descoudres’ findings. Colby and 
Robertson (1942) found a decrease in frequency of color preference in 
children ranging in age from 3:6 to 9 years. Kagan and Lemkin (1961) 
enlarged the scope of the question by including size as a dimension. 
They found that preference for form was greatest, color next, and size 
least. Brian and Goodenough (1929), however, reported an initial prefer- 
ence for form in their youngest Ss (22 months old) followed by a prefer- 
ence for color in their 3- to 6-year-old Ss and finally a preference for 
form again in their older Ss (6 to 14 years old). Corah and Gross 

' (1967) were among the first investigators to study dimension preference 
through manipulation of stimulus variables. They found that reducing 
the saliency of the color dimension increased the proportion of 
form choices in kindergarten-age Ss. Corah’s work and other findings 
(Huang, 1945) thus suggest that very young children match stimuli on 
the basis of the dimension along which the differences between stimuli are 
most discriminable. 

Recently Suchman and Trabasso (1966) extended this kind of work in 
an important way: by relating the child’s dimension preference in a free- 
sort situation to his performance on concept identification tasks that 
involved the same stimulus dimensions. They found that concept tasks 
along the preferred dimension were solved more easily, suggesting 
that dimension preference both sets the initial sorting response and 
influences the order of dimensional concept attainment. | 

Suchman and Trabasso studied the dimensions of eolor and form in 
nursery- and kindergarten-age children. The present study expanded the 

scope of their study by including the dimension of number and by test- 

ing a wider grade range (kindergarten through third grade). 


METHOD 
' Subjects. The Ss were 38 girls and 39 boys. The sample included 36 
kindergarteners (5 years 3 months-6 years 7 months), 20 first-graders 
(5:4—7:1), and 21 third-graders (8:4-9:2). There was approximately the 
same number of girls and boys in each grade. 

Materials. The stimulus and response cards were selected from the 
2We are grateful to Principal Arthur E. Lange, the staff, and the children of 
the Spartan Village Public School, East Lansing, Michigan for their enthusiastic 
cooperation. 
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Wisconsin Card Sorting Test (Berg, 1948). Each card is a 3 X 3-inch 
square. Four sets of stimulus eards were used. А set consisted of four 
cards: one card displayed 1 red triangle; another displayed 2 green 
stars; another, 3 yellow crosses; and the last, 4 blue circles. Each set of 
stimulus cards was mounted on a 24 X 5-inch Masonite board, a different 
order for each set. The orders were 1234, 4321, 2413, and 3142. The 
stimulus cards were mounted so that when the boards lay with the long 
edge down, the stimulus eards were upright and in one of the above 
orders from left to right. 

The deck of response cards contained 24 of the 64 response cards in 
the Wisconsin Card Sorting Test. To eliminate ambiguity on the test of 
dimension preference as well as the partial reinforcement. effect on the 
concept-identification tasks that followed, these 24 cards were selected 
во that on any one sort, S cold not use the same stimulus card for more 
than one dimension. For example, the Fésponse card displaying 3 yellow 
circles was omitted because the stimulus card displaying 3 ус. оту crosses 
could be used to sort both for color and for number. 

The stimulus configurations on all cards varied from card to card. The 
order of the response cards was random with the restriction that no 
one of the four levels in each of the three dimensions was repeated more 
than twice in succession. Thus a series of the same color, form, or number 
never exceeded two in length. 

Procedure. Each S accompanied E to a spare room in the school for 
individual testing. The S sat at a desk facing a wall. The E and a second 
adult sat on S's right and left sides, respectively. The second adult 
recorded S's responses on score sheets correlated to the particular se- 
quence of tasks for each S. The stack of four stimulus boards was 
propped against the wall facing S. One board lay behind the other so 
that only one stimulus card order was visible at а time. The order of 
board presentation was varied across Ss using the same orders as for the 
stimulus cards. 

The E spoke the following instructions from memory: 


“See these cards up here? Take each one of these cards and put 
it up here in front of the one you think it goes with. Put each 
of these in front of one up here, the one it goes with. Try the 
first one. I'll take each away after you put it down so there will 
be room for another. Go ahead.” 


The E aided his instructions with gestures and pointing. For each trial, 
E handed the response card to S making sure the card was in upright 
orientation.” 

The S placed each card flat on the table directly under the chosen 


* Crucial for the 5-pointed stars, crosses, and triangles, 
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stimulus card. With every six responses, the recorder flipped down the 
visible stimulus board revealing the next board. This was the procedure 
for the first part of the experiment and is referred to as the Dimension 
Preference Test (DPT). 

Once S completed the 24 sorts in the DPT, the recorder set the 
stimulus boards to the same ordering as before the DPT. Then E spoke 
the following instruetions from memory, gesturing as before: 


“Now lets try something different, You take each of these cards. 
For each one of these, I'll pick one from up here, one I think it 
goes with. Only I'm not going to tell you which one it is. You 
have to guess. Put each one of these cards in front of the one 
I'm thinking of. I'll tell you if you guess right after each one. 
You try to guess right as many times as you can. Try the first 
one.” 


The E presented each response card as before, this time using cards from 
a duplicate response deck. This deck was arranged in a different order 
with the same restrictions as before. The S placed each card as he had 
in the DPT, After each response, E said, “Yep, that’s the one,” or “Nope, 
that’s not it." For each S the sequence of board presentation was 
recorded to insure a record of stimulus card position throughout the ses- 
sion. Every six trials, as before, the recorder flipped to the next stimulus 
board. After 24 trials, all stimulus boards were put in their initial 
position. The 25th and the 49th trials proceeded as did the first. А 

Each S was allowed а total of 72 trials to complete а series of six 
dimensional problems. The three series of six concept identification 
tasks used for this part of the study were: 1. FCNCEN (Form, Color, 
Number, Color, Form, Number) ; 2. CFNFCN, 3. NCFNFC. For each 
S a series of tasks was preassigned. The E said “Yep” only after correct 
sorts. After six consecutive correct sorts on one dimension, E said “Yep” 
to sorts on the following dimension in S's series of tasks. The session 
ended after the 72nd trial regardless of S’s progress in the series. Thus 
the Ss assigned to the CFNFCN series had to make six consecutive 
correct sorts on color, six on form, and so on to complete the series. m 
only information given other than instructions Was E's saying ^Yep" or 
“Nope” after each trial.* 


RESULTS AND DISCUSSION 


Dimension preference test. Calculated by binomial expansion (р = 1/3 
for sorts along dimension under analysis, 9 = 2/3 for sorts along other 


*Pilot work revealed that E's saying "yes" and "mo" or “right” and “wrong” 
seemed to make many children tense and unwilling to complete the session. “Yep 
and “nope” seemed to make the tasks more game-like. 
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dimensions), the criterion for signifieant preference for one of the three 
dimensions on the DPT required that S make a total of at least 16 of his 
24 sort on one dimension. If sorts on each of the three dimensions were 
equally likely, the probability of 16 sorts on one dimension is less than 
003. With this criterion, 75 of the 77 Ss showed significant preferences; 
of these 75 Ss, only 13 made fewer than all 24 sorts on one dimension. 
There seemed to be no systematic pattern in the distribution of these 
13 children over the levels in school. 

Thus the frequency of preference was very high. Furthermore, if 
number of sorts along a dimension reflects preference for that dimension, 
the over-all tendeney was for strong preferences, and strength of prefer- 
ence was not related to level in school. 

Table 1 summarizes the results for the ОРТ. It can be seen that form 


TABLE 1 
RESULTS оғ THE DIMENSION PREFERENCE TEST AS A FUNCTION OF 
LEVEL IN SCHOOL AND SEX 


Level in school 


Total 
Kindergarten First grade Third grade 


Boys Girls Boys Girls Boys Girls 
Dimension N=13 N-33 N=11 N-9 N=15 N=6 N= 


Color 

Number of Ss 2 3 0 0 2 0 7 
15.4% 13.0% 0% 0% 13.4% 0% 9.1% 

Form 

Number of Ss 11 16 10 8 9 5 59 
84.6% 69.5% 91.0% 89.0% 60.0% 83.5% 76.6% 

Number 

Number of Ss 0 3 1 1 3 1 9 


0% 13.0% 9.0% 11.0% 20.0% 16.5% 11.7% 
No preference 
Number of Ss 0 1 0 0 1 0 2 
0% 4.5% 0% 0% 6.695 0% 2.6% 


was generally the preferred dimension, and the data suggest no relation 
between preference for other dimensions and level in school. Table 1 also 
reveals the absence of sex differences in preference for color, form, and 
number dimensions. 

Concept identification tasks. The means for number of tasks completed 
among the three grade levels were: kindergartners, X = 1.78 (SD = 
1.22); first-graders, X = 2.75 (SD = 1.67); third graders, X = 3.33 
(SD = 1.79). Analysis of variance revealed a significant effect of grade 
(Е = 72, df = 2/74, р < 01). Results of cell contrasts indicated that 
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kindergarteners differed significantly from first-graders (F — 5.92, df — 
1/54, р < .05) and from third-graders (Е = 14.5, df = 1/55, р < 001). 
First-graders did not differ significantly from third-graders, however 
(F = 12, df = 1/39, p > 05). 

Total errors on the 72-trial session also reflect performance on the 
task series. The mean number of errors for the three grade levels were: 
kindergarteners, X = 47.67 (SD = 9.34) ; first-graders, X = 42.30 (SD = 
10.08); third-graders, X = 35.00 (SD = 11.63). Analysis of variance 
again revealed a significant effect of grade (F = 10.9, df = 2/74, p< 
01). Results of cell contrasts disclosed that the only significant dif- 
ference was between kindergartners and third-graders (Е = 14.5, df = 
1/55, р < .001). 

Dimension preference and performance on the concept identification 
tasks. To establish the relation between dimension preference and per- 
formance on the concept identification tasks required comparison among 
levels in school and preferences with respect to the number of trials 
io criterion for the first concept task. Since the ordering of tasks was 
varied among Ss, some Ss had the color concept first, some had form, 
and others had number. Thus а 3 X 3 factorial design, level in school 
versus dimension of first task, could be constructed for form-preferring Ss, 
another 3 3 design for color-preferring Ss, and а third for number- 
preferring Ss. Table 2 presents the average number of trials to criterion 
on the first task for all of the 75 Ss with significant preferences. Un- 
fortunately the frequencies of color and number preferences were too 
small to permit planned statistical treatments. 

Considering only the form preferrers (3 columns at left of table), a 
two-way analysis of variance, level in school by dimension of first task, 
indicated that the number of trials to criterion was inversely related 
to level in school (F = 3.98, df = 2/50, р < 105). Performance of the 
form-preferrers also was related to the dimension of the first task (F = 
7.52, df = 2/50, p < .01) such that these Ss did better when form was 
the first task. (Note that performance scores of the color and number 
preferrers also appear to be related to the preferred dimension and to the 
dimension on the first task.) 

As can be seen from Table 2, the difference between kindergarten and 
other Ss for the number task was the major source of variance. How- 
ever, the level-in-school by dimension interaction was not significant 
(F = 210 df = 4/50 p> .10). There were no significant differences 
between kindergarteners and other Ss for the color or form tasks (Fs € 
19, df = 2/16, р  .30).* 


* Although differences among the means for color appear quite large, they in is 
result from one kindergartener who scored disproportionately high on the color 
‚ task as reflected in the standard deviation in that cell. 
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TABLE 2 
Mean NUMBER or TRIALS TO ÜRITERION ON First Task as A FUNCTION OF 
DIMENSION INVOLVED IN First Task ror ALL 75 Ss WITH SIGNIFICANT 
DIMENSION PREFERENCES 


S's preferred dimension оп DPT 


Dimen- 
sion on Form Color Number 
first 
task Form Color Number Form Color Number Form Color Number 
Kindergarten 
N 10 8 9 0 2 3 2 0 
x 7.0 26.4 57.8 6.0 65.0 31.0 22.5 
SD 3.16 27.25 25.96 0 9.90 22.47 
First-grade 
N 7 2 4 ORO 0 1: :0 1 
x 17.0 12.8. 28.3 11.0 6.0 
SD 24.36 6.10 30.10 
Third-grade 
N 5 5 4 0 1 1 1 1 2 
x 8.0 29.6 18.8 6.0 6.0 T.0 9.0 18:0 
SD 5.50 3.00 20.87 7.00 


At this point, the question arose whether the difference on the number 
task reflected a true difference in ability to identify number or whether 
Ss had been “set” or predisposed to sort for form by their immediately 
preceding experience with the DPT and that kindergarteners were more 
susceptible than third-graders to such а set. We hoped to answer this 
question by assessing performance without the influence of prior experi- 
ence with the DPT. À 

Therefore, 17 control Ss (11 kindergarteners and 6 third-graders) were 
tested on the concept task series before they were given the DPT. Be- 
cause the greatest difference in the experimental Ss was between kinder- 
garteners and other Ss on the number task, we made number the first 
task for the control Ss. ; 

Table 3 compares the control Ss’ scores with those of their experi- 
mental counterparts on the number dimension, Proportionately more 
control kindergarteners (7 of 11) reached criterion than did experi- 
mental kindergarteners (3 of 9; t = 1.76, df = 19, р < .05, one tailed’). 

However, the relative difference between kindergarteners and third- 
graders in the control group remained significant (F = 6.1, df = 1/16, 
р < .01). For third-graders, all experimental and control Ss reached 
criterion on the number task. Mean number of trials to criterion there- 


*Since the hypothesized "setting" effect of the DPT was to retard performance 
on the number task, a one-tailed ¢ test of these frequencies was deemed justified. 
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TABLE 3 
MEAN NUMBER OF TRIALS TO CRITERION ғов First DIMENSION (NUMBER) 
ғов CONTROL Ss AND COMPARABLE EXPERIMENTAL SS 


Mean 
Level in 
school Control Ss Experimental Ss 
Kindergarten N=11 N=9 
(SD = 26.87) (SD = 24.55) 
9.2 18.8° 
Third-grade N-6 N=4 
(SD = 2.67) (SD = 16.4) 
Total N=17 М = 18 
37.2 57.8 


“ Because there were опу 4 Ss in this experimental group-cell, 4 additional Ss were 
tested, A one-way analysis still failed to disclose a difference between control and experi- 
mental third-graders on the number task. (Experimental mean = 23.9, N = 8, Control 
mean = 9.2, N = 6, F = 148, df = 1/12, p > .40.) It should be mentioned that the 
means of 18.8 and 23.9 are distorted by two high scores and therefore are not 
representative. 
fore was substituted as the comparison statistic. The differences were 
not significant (t <.1.0). 

We may conclude that prior experience may differentially affect per- 
formance on concept identification tasks as a function of the age of the 
child, since the control kindergarteners performed significantly better on 
the number task than did their experimental counterparts, while the 
control and experimental third-graders were not significantly different. 

Experimental and control performance on the DPT. Of the 77 experi- 
mental Ss, 75 (97.4%) had significant dimension preferences compared 
with only 8 (49%) of the 17 control Ss. The difference in proportions was 
significant (t = 7.6, df = 93, p < .001). The 8 control Ss with significant 
preferences comprised two kindergarteners and 1 third-grader who 
preferred number, 2 third-graders who preferred color, and 3 kinder- 
garteners who preferred form. The performance of the control children 
on the DPT thus suggests that the concept identification tasks them- 
selves can have setting effects for dimension preference when they im- 
mediately precede the preference test. 1 

In summary, these results indicate the considerable importance of 
immediate prior experience in the assessment of both dimension 
preference and ability to solve multidimensional concept-identification 
problems, Future research on the relation between dimension preference 
and concept identification should be designed to allow for the possibility 
of mutual contamination of preference and performance measures. 
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More generally, the results on the Dimension Preference Test are 
consistent with other data insofar as form is usually the preferred di- 
mension after 5 years of age (Descoudres, 1914; Kagan and Lemkin, 
1961). These data, however, disagree with those of Brian and Good- 
enough (1929), who found strong preference for color from 3 to 6 years 
of age preceded and followed by periods of form preference. This finding 
has puzzled workers in the area for many years because of the seeming 
turnabout in the developmental sequence that cognitive theorists, such 
as Heidbreder (1946), would predict. Perhaps the difference between 
their results and the current findings stems from genuine differences 
between the pace of children’s perceptual development in the 1920’s and 
today. But this interpretation seems forced in light of Descoudres’ find- 
ings which appeared just 15 years earlier than Brian and Goodenough’s. 
The difference might lie in method: Brian and Goodenough tested their 
over-5-year-old Ss only with planometric forms. But children under 5 
years were given stereometric forms first and permitted to handle them, 
after which they were tested on the planometrie forms. This procedure 
could have constituted a pretraining or sensitization condition which 
emphasized the dimension of shape. It is possible that in Brian and 
Goodenough’s under-5-year-old group, the younger children—those under 
3—were more susceptible than were the older children to such pretrain- 
ing experiences. The present data would support this suggested relation 
between age and susceptibility to pretraining. Furthermore, Brian and 
Goodenough excluded from their analyses many of the children under 3 
years of age whose responses, in their estimation, indicated little under- 
standing of the task. It is possible, then, that Brian and Goodenough’s 
procedure artifactually produced form matches among the children under 
3 years of age, the finding of early form preference being a product of 
subject sampling, differential susceptibility to pretraining, and different 
experimental treatment. { 

Dimension availability, preference, and usability. The results for the 
experimental Ss suggest to us that there are at least three logically 
different factors involved in a child’s conceptual treatment of stimulus 
dimensionality. The first two factors are dimension “availability” and 
dimension “preference.” A particular dimension is available for an 
individual if he can respond to two objects’ mutual similarity and to their 
qualitative difference from a third object along that dimension. The 
second factor is dimension “preference”; a child given a free choice might 
sort—for whatever reason—exclusively or primarily along one available 
dimension. These two factors, however, cannot be distinguished from one 
another using only the multidimensional free-sort situation. For ex- 
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ample, on the DPT most of the experimental Ss sorted a significant 
number of times on the form dimension. These children may be said to 
have “preferred” that dimension. By logical implication, it follows that 
the form dimension was “available” to them. Nothing, however, can be 
said yet about availability and preference of color or number for these 
children. But on the concept-identification tasks all the children suc- 
ceeded in reaching criterion on the color task in addition to the form 
task. Color, therefore, was shown to be an available dimension while 
not being a preferred dimension. 

Neither availability nor preference by themselves, however, can 
logically account for success in a concept-identification task involving 
a particular dimension. We also found that among the subjects who did 
solve all three tasks, trials to criterion differed significantly as a function 
of dimension. Thus those children who reached criterion on the number 
task did so less readily than on the form task. To this extent, the number 
dimension, while available (and not a preferred dimension), was less 
“usable” as а cue in a learning situation. Our third factor, then, is 
dimension “usability.” By definition, availability is a dichotomous 
construct: a dimension is either available or not available. Then, the 
extent to which stimulus differences along an available dimension can 
function as cues in a concept-identification situation is the extent to 
which the dimension is usable for the child. Our evidence suggests that 
for form-preferring children, across the levels in school, form was most 
usable, color next, and number least usable as measured by number of 
trials to criterion on the concept-identification tasks. Since some kinder- 
garteners on the concept-identification tasks made number responses at 
no more than chance levels, let alone reached criterion, number may not 
even have been available for these children. (Such children, needless to 
say, did not prefer number on the dimension-preference test.) Among 
levels in school and across dimensions, kindergarteners were least able 
to use the dimensions, and third-graders, the most. 

The phenomenon of dimension preference clearly is more complex than 
the literature to date has indicated. The three factors, dimension 
availability, preference, and usability, have, perhaps, been confused in 
past research where, for instance, absence of a preference for a particular 
dimension in a free-sort situation is taken as evidence for the non- 
availability of that dimension. These factors should be mutually dis- 
tinguished in future research on conceptual development, indeed in all 
kinds of discrimination-learning situations, concept identification tasks 
being merely a subset. Because they lie closer to the data language these 
factors should be helpful in structuring new experimental designs as well. 
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Errata 


Children," by John J. Gates and Dean L. Fixsen, pp. 300-320: 

Page 309: Footnote number 3 should read as follows: 

The first is that the PI equals one only when one 
responses, If more than one, but less than eight keys received responses, 
tho loast preferred key was taken ая the one that received no responses, 
In other words, keys that received no responses were ineluded in com- 
puting the range. The second limitation is that different response. dis- 
tributions may result in the same PI value, while their relative frequeney 
graphs might indicate а higher preference in one case and a 
erence in the other, Relative frequeney graphs are included in the figures 
to permit comparison of the two measures, It is felt. 
data presentation afforded by the PI warrants ite 


above qualifications, 


Vol. 6, No. 4 (1968), in the article, “Age Changes in Perception of 
Verticality and of the Longitudinal Body Axis under Body TA. Му 


Seymour Wapner, pp. 543-555: 
Page 553, line 10 from bottom, " . . . perception progresses vertieality 
should read: " . . . perception progresses toward veridieality." 


Vol. 6, No. 2 (1968), in the article, "Response Variability in Retarded 
all 
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Transitivity and Choice Behavior* 


JosEPH C. CAMPIONE" 
University of Connecticut 


A seres of three experiments was performed with retarded children in 
an effort to demonstrate that experimentally induced response strengths are 
transitive. Experiment I failed to make such а demonstration, leading to the 
hypothesis that the introduction of a novel transverse pattern into the test 
series led to the negative results. Experiments II and III, testing with 
transverse patterns equated for novelty, clearly succeeded in demonstrating 
transitivity. The close correspondence between data and theory supports the 
assumption that the underlying scale is a ratio scale. Additionally, Exp. I 
found that reinforced trials facilitated learning more than did nonreinforced 
trials. 


) 


Learning theories such as those of Hull (1943) and Spence (1956) have 
assumed that, in a two-choice discrimination, the positive and negative 
stimuli acquire differential tendencies to evoke a response. The strengths 
of these tendencies correspond to the reaction potentials of the stimuli. 
If stimulus A has a greater reaction potential than stimulus B, we 
should expect S to choose stimulus A. As the difference in reaction po- 
tentials increases, the likelihood of S’s choosing A should increase ac- 
cordingly. : 

An assumption implicit in an axiomatie structure of this type is that 
there exists a scale along which reaction potential can be measured. 
Further, this scale underlies all of choice behavior, and there should exist, 
laws relating these scale values to their various behavioral correlates. 
Such a view has been expressed by Hull as follows: ^. . - all quanti- 
fications of reaction potential, however empirically manifested, should be 
expressible on the same scale and in terms of the same unit.” (Hull, Fel- 
singer, Gladstone, and Yamaguchi, 1947, рр. 238-239.) Certainly, evi- 
dence bearing on the existence and properties of such a scale is of no 
little theoretical significance, for this scale is the very foundation of 


*Submitted in partial fulfillment of the Ph.D. degree at the University of Con- 
necticut. The author wishes to acknowledge the help of Drs. David Zeaman and 
Betty House Zeaman throughout the conduct of the research. This research was 
supported by Grant M-1099 from the National Institute of Mental Health, United 
States Public Health Service. 
Now at the University of Washington. 
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reaction potential (associative strength, response strength) formula- 
tions. Further, for such systems to have generality, this scale must, num- 
ber among its properties that of trans-situationality. Specifically, if 
element A possesses a strength of 10 units in situation one, then it should 
also possess a strength of 10 units in any other situation in which the 
boundary conditions of the theory are not violated. 

A test of this property of the scale in question requires a derivation 
which yields a law relating choice situations to one another. One very 
simple law which follows from the above assumptions is that of transi- 
tivity of choice behavior. If an organism prefers (or learns to prefer) 
stimulus A to stimulus B, and stimulus B to stimulus C, then he should 
also prefer stimulus A to stimulus C. Further, the strength of this latter 
preference should be greater than the strength of the stronger of the 
former two. 

The transitivity assumption ean be formalized as follows: Let Р(х,у) 
denote the probability that element,z will be chosen when v and y are 
presented together. Then if P(A,B) > .5, and P(B,C) > 5, it follows 
that P(A,C) > max [P(A,B), P(B,C)]. Now any theoretical estimate 
of P(A,C) requires a rule whereby we can relate the strengths of ele- 
ments to the probability of their being chosen in a given situation. À 
simple rule is that P(x,y) is a function of the relative strengths of ele- 
ments x and y. 

Luce (1959) has developed a response strength theory of choice be- 
havior in which such a rule is generated. We will be concerned here with 
two consequences of his Axiom 1. From this axiom, it can be shown that: 
(a) the v-scale (scale of response strength) is a ratio scale; and (b) 
P(x,y) = (vz) / (Ve + dy), where v, and vy denote the response strengths 
of elements z and y, respectively. Given this relation, it is simple to 
derive an expression for P(A,C) in terms of P(A,B) and P(B,C). Letting 
pı = P(A,B), and p. = P(B,C), it follows that: 


Pips (1) 
pipi + (1 р1)(1 — р>) 
Thus, in addition to testing purely for transitivity (transitivity test), 
we can also assess the extent to which there is agreement between data 
and theory on the A-C test (mathematical test). Here close agreement 
between data and theory would provide inferential support for the as- 
sertion that the scale of response strength is a ratio scale. It should 
also be pointed out that the above equation is not unique to Luce's 
theory (see Restle, 1961). Д 

The generality of response strength theories is measured by the size 


P(A,C) = 


and variety of the classes of stimulus elements which are shown to be 
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well-behaved, i.e., that behave in accordance with the theory. It is 
strategic to begin a search for well-behaved elements with a demonstra- 
tion of transitivity, since this property is so basic: nontransitive systems 
are not fundamentally measureable. Given its importance, it is surpris- 
ing that this property has not yet been demonstrated for experimentally 
manipulated response strengths. While a number of studies (e.g., Coombs, 
1958) have been concerned with transitivity, they have dealt with 
preferences rather than experimentally controlled response strengths. 
One possible reason for the neglect of such a basic problem may be 
methodological: transitivity tests require stable individual performance 
curves, while only group learning curves emerge from the traditional 
Trials-by-Subjects design used to study learning. The issue of grouped 
vs. individual data is thus basic to this problem. Several authors (e.g., 
Hayes, 1953; Estes, 1956; Luce, 1959) have pointed out that learning 
curves based on group means are not necessarily representative of the 
functions which would obtain for individual subjects. The traditional 
Trials-by-Subjects design does not allow such estimation. To handle 


this problem use will be made of the miniature experiment (a Trials-by- 
gy of Harlow 


Problems design), derived from the learning веб methodolo 
(1959) and the miniature experiment of Estes (1960), and adapted for 


retardate discrimination learning by House and Zeaman (1963). 


Experiment I 

To test the transitivity assumption, à three-trial design was employed. 
The first two trials trained Ss to prefer (choose) A over B, and B over 
C, with the final trial assessing their performance when either A and B, 
B and C, or A and С were presented. Counterbalancing the order of 
presentation of the first two trials yields in combination with the three 
test trials six different experimental problems (EP). A standard prob- 
lem (SP) was also included in the design which is summarized in Table 1. 


TABLE 1 
ARRANGEMENT OF STIMULI A, B, AND О FOR Six. EXPERIMENTAL 
Сохртттохв AND ONE CONTROL 


Problem 1 2 3 4 5 6 Standard 

Reward value к += л c PL es aem 
Trial 1 AB AB AB вс BC BC AB 
Trial 2 BC BC BC AB AB AB AB 
Trial 3 AB BC AC AB BC AC AB 


Note: The stimuli A, B, and C were selected randomly for each problem. for each S. 


(See text for additional details.) 
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Note that the SP simply presents the same stimuli on each of the 
trials (the standard. operations employed in the usual learning e 
ment). This problem is not used in the test of transitivity, but is 
cluded for reasons whieh will be elaborated below. 

Apparatus. A semiautomated version of the Wisconsin General 
Apparatus was used. This apparatus, capable of presenting 12 fon 
and 7 colors, is described in detail elsewhere (Scott, 1964). The fon 
were relatively simple geometrie figures (e.g., heart, square, triangle) 
The colors used were red, green, yellow, orange, gray, blue, and violet; 

Subjects. Nine institutionalized retardates were selected random 
from the boys and girls attending the Longley School of the Mansfi 
State Training School. The Ss had a mean MA of 7-0 years (range: 4 
to 10-8) and a mean IQ of 56.2 (range: 34 to 82). 

Pretraining. Ss were run to a criterion of 20/25 correct respon 
a given day on a standard two-choice form discrimination. The 
vant forms were selected randomly for each S. Position of reward 
determined by a Gellermann (1933) series. A correction procedure y 
used throughout the experiment. To ensure the fact that S was 10 
at form and form alone, a multivariable irrelevant procedure was 
Briefly, this procedure presented two different colors on each suce 
trial. Thus, neither color nor color-form compounds could be used 
a basis for solution. Since there were only seven colors available, th 

colors reappeared during any daily session, but with the restriction 
no color would be used if it had appeared on either of the two prece 
trials. 

Procedure. Each S was run for 16 daily sessions, a session consis! 
of three trials on a well-learned SP (the problem which S had lea 
to criterion during the pretraining phase of the experiment), one 
three trials of the SP, one EP, etc., to a total of six EP. Each d 
sessison terminated with three trials of the SP. The forms to be 
for each EP were selected randomly subject to the restriction that: 
the forms used in the SP were never used in an EP; and (b) no fo 
were used which had appeared on either of the two previous EP. A84 
the colors to be used on any trial (of either the SP or EP) were sele 
randomly subject to the restriction that no color would be used і 
had appeared on either of the two preceding trials. 

During a daily session, each EP appeared once. As nearly as poss 
each EP appeared an equal number of times in each serial post 
throughout the sessions. Also, each of the eight right-left sequences 
paired with each EP twice, and with the SP 14 times. During v 
session, no more than four successive rights or lefts were permitted. В 
the design of the experiment caused Ss to make frequent errors, 
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possibility of "failure set" development (Zeaman and House, 1963) 
presented itself. To minimize this possibility: (a) Ss received non- 
differential reinforcement on Trial 3 (the test trial) of the EP; and 
(b) the SP (on which Ss could perform well) were included. Inclusion 
of the SP also allowed the assessment of failure set development, high 
performance indicating a lack of failure set formation. 


Results and Discussion 


Transitivity. The results are summarized in Table 2, which gives Ss’ 
proportions on the three test trials (A-B, B-C, and A-C) separately for 
each training order. Considering the two training orders separately yields 
a more rigorous test for transitivity, jn that it eliminates averaging 
error. For example, it would be surprising if Ss’ probabilities of choosing 
A over B on Trial 3 were the same following Training Order 1 (Trial 1: 
A over B; Trial 2: B over C) as following Training Order 2 (Trial 1: 


TABLE 2 
PROPORTIONS or Correct RESPONSES ON THE THREE Test TRIALS OF 
EXPERIMENT I, AND PREDICTED PROPORTIONS on THE А-О Test? 


Training order I Training order II 


AB BC 

BC AB 
е шылдык ANI 
Subject/ А-О. A-C 
Test A-B B-C A-C Result (pred) A-B B-O A-C Result (pred) 
WL .25 .69 .56 x .42 .69 .50 .69 + .69 
JT .38 .56 .38 Хх ES .69 и 4 × .64 
EM .38 .44 .02 X :32 .50 .50..02 + .50 
ҮЕ .50 .56 .56 + 56 ‚38 .56 .09 X ES 
GC .38 .62 44 Хх .50 56 .56 .02 + .62 
DB .56 .88 .50 = .90 56.38 .94 X E 
LK .44 .69 .69 x 64 50.56 .09 + du 
MF „56.8181 .84 44 .09 .56 X .65 
SA 56.50.4400 = .56 eet et ig 78 


1 aon ion i ed on an 
a Proportions are averaged over each training order, Each proportion 18 bas 


N of 16. 


B over C; Trial 2: A over B). A recency effect would make the prob- 


ability of choosing A over B on Trial 3 greater following Training 


Order 2. In fact, the order of presentation of the two training trials did 
als (see below). 


lead to large differences in perfromance on the test tri > К 
Examination of Table 2 indieates the absence of the desired transi- 

tivity effect, only five of nine possible tests being positive. Note bal 

it is not always possible to test for transitivity, since Р (4,B) an 
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P(B,C) are not both > .5 (cf. Subject WL, Order 1). A test is counted 
as positive if P(A,C) 2 max [P(A,B), P(B,C)] for P(A,B) and P(B,C) 
both >.5, or if P(A,C) > тат [P(A,B), P(B,C)] for at least one of the 
pair-wise probabilities equal to .5, with the other > .5. We can also look 
at the extent to which the mathematical predictions are borne out. Even in 
those cases in which we cannot test for transitivity, mathematical pre- 
dictions can still be made on the A-C test. Again we find little support 
for the theory, the mean absolute error being 15.3 percentage points. 
Finally, a chi-square goodness of fit test? yielded a x? of 67.46 (df=18), 
with an associated p value, under the null hypothesis, of less than 001. 
Tt should be emphasized that the p value is at best approximate, since 
there is also error involved in estimating P(A,B) and P(B,C). 

Reinforcement effects. We ean also obtain а measure of the relative 
strengths of approach and avoidance tendencies by a comparison of 
performance on the A-B and B-C test trials. When the test trial is A-B, 
S must make a choice between two alternatives, one of which (A) has 
been positive once; and one of which (B) has been positive once and 
negative once; the extent to which A is chosen (or B avoided) is a 
measure of the strength of avoidance tendencies due to nonreinforce- 
ment. In the case of B-C, the choice is between one alternative (B), which 
has been positive once and negative once; and another (C), which has 
been negative once. Thus the tendeney to prefer B is a measure of the 
strength of approach tendencies or reinforcement. If P(B,C) >Р (A,B), 
we can conclude that approach tendencies are more powerful than avoid- 
ance tendencies. If P(A,B) > P(B,C), the opposite conclusion follows. 

As assumption implicit in this argument is that the gain (loss) in re- 
sponse strength due to reinforcement (nonreinforcement) is approxi- 
mately constant across levels of response strength. 

Retention effects. We can also investigate the magnitude of а regency 
effect in the data. Compare, for example, Problem 1 with Problem 4, 
and Problem 2 with Problem 5. These differ only in the order of pre 
sentation of the first two trials. A recency effect (retroactive inter- 
ference stronger than proactive interference) would make P(A,B) in 
Problem 4 greater than P(A,B) in Problem 1 [and P( B,C) in Problem 
2 greater than P(B,C) in Problem 5]. 


?The chi-square statistic was calculated using the following formula: 


ae [Na; — N - P:(A,C)P [Ме — N - PC, 
x XX N-P4AC). | N- PEGA) ) 


where N — number of A-C test trials (16), Na — number of choices of А, Nez 
number of choices of C; i refers to Ss, j to training orders. 


анн ЕЕЕ 
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The reliability of these effects was assessed by a 2 X 2 factorial analy- 
sis of variance, testing the Recency and Approach-Avoidance variables. 
Тһе mean percentage of correct responses on the A-B and B-C tests 
were 50% and 60%, respectively, while the values for the proactive and 
retroactive interference conditions were 59% and 50%. Both the Recency 
(F= 5.19, df = 1/32, p < 05) and ‘Approach-Avoidance , (F = 6.49, 
df — 1/32, p « .05) variables attained levels of significance. 

The Approach-Avoidance finding is consistent with an earlier experi- 
ment (House, Orlando, and Zeaman, 1957) which found approach ten- 
dencies to be established more readily than avoidance tendencies for 
retarded Ss with MAs comparable to those of the present study. House 
and Zeaman (1958) reported the opposite effect for retarded Ss with a 
mean MA of 31% years. A similar developmental change has been re- 
ported with normal children (see Cross and Vaughter, 1966; Eyans and 
Endsley, 1966), performance after nonrewarded trials being superior 
to that after rewarded trials for children below 414 years, and the re- 
verse for children above 4% years. 

It is appropriate at this time to mention briefly an earlier version of 
this experiment. Experiment I was, in fact, à replication of the earlier 
experiment with one change. In the earlier experiment, the stimuli used 
were junk pietures (pietures differing multidimensionally in color, form, 
size, texture). The results of this experiment were quite consistent with 
Exp. I discussed above. First, transitivity was not demonstrated, only 
2 of 10 tests being positive. Second, the same results were obtained with: 
respect to the Recency and Approach-Avoidance variables. It had beer 
hypothesized that the failure to demonstrate transitivity might be due 
to the use of the highly redundant junk stimuli, with a resulting 1n- 
ability to control Ss’ attention. Briefly, the argument ran as follows. As- 
sume 5 is limited in attention, and can therefore attend to only a fraction 
of the component cues on the training trial. If, on the test trial, he now 
attends to a different subset of the component cues, the effect of the 
training trial will be lost, and any test of transitivity will be invalidated. 
This hypothesis, however, finds little comfort in the data of Exp. I. dp 

Another hypothesis also arises. The failure to demonstrate transitiv- 
ity in these two experiments may be due to the use of both novel and 
familiar transverse patterns (Spence, 1952) їп the test situation. A trans- 
verse pattern is that pattern formed by the two stimuli presented on & 
trial. Thus, when A is trained over B, the transverse pattern formed 
by A and B is also present, and some learning can proceed with respect 
to this transverse pattern itself. For example, S may learn to “approach 
A, when A and B are presented together.” 


In Exp. I, three types of test trials were used. Two of these, pairs 
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f 


A and В, and B and C, were simply replicas of either Traninz Traller | 


Training Trial 2. However, the third pair, consisting of A and C, wm 
never presented together in training so that the transverse pattern de 
fined by A and C was а one. It seemed. possible, then, that tha 


novel 

pattern might have affected performance: differenti 
from that of the familiar transverse patterns, confounding the comparte 
son made among the three types of test trials. Note that if thi» hypothesis 
je correct, however, an additional complexity presenta itself. The differ 
ential effect (if any) of novel and familiar transverse patterns implies 
that the response strengths are to an extent not trans-situs tional, 
trolling for novelty then becomes а theoretical boundary 

‚ then, while not ^ disproef e 
the underlying theoretical structure, provide а measure of the g 

of the theory. This generality is assessed by the size and varie 
classes of stimuli whieh demonstrate the properties ascribed t6 
condition, such ая the one above, 


| 
| 
| 


in which the novelty of the test patterns 
the test trials may be new transeo 
may be new transverse patieris Experte 
former procedure) and TIT (the Intter) 
the stimuli and procedure of Exp. 1, were designed to contro! thie 


variante 

To control for the confounding novelty a different 
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measurable errors being positive and three negative. A chi-square good- 
ness of fit test, combining Exps. П and III, yielded a x° value of 11.044 
(df = 18), and a p value greater than .85. Again, these p values ean 
be considered only approximate. 

Those resulta are consistent with those of Exp. II and strengthen the 
argument that the failure to demonstrate transitivity in Exp. I was 
due to the fact that the transverse patterns used on the three types of 
test trials were not equated for novelty. 

With respect to transitivity, these experiments contribute three major 
findings: (a) transitivity of response strength is demonstrated; (b) 


evidence of a ratio seale of response strength is inferred; and (е) а 
boundary is indicated on the conditions under which transitivity of re 
sponse strength ean be expected to hold. 
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Acquisition and Transfer Differences between Kinder- 
garteners and Second-Graders on Aurally and 
Visually Presented Paired-Associates 
Using an A-B, A-C Design 


Vernon C. Harr? 
Syracuse University 


Kindergarten and second-grade children were trained in an A-B, A-C 
paired-associate task using five pairs and two modes (aural and visual) of 
presentation. It was found that, contrary to expectations, acquisition on the 
first list was significantly faster for the visual mode. In addition, both 
Kindergarteners and Second-graders exhibited significant negative transfer. 


Ав Jensen and Rohwer (1965) point out, many conceptions about the 
learning process might be considerably different if psychologists had 
used Ss other than college sophomores in rote learning experiments. It 
is interesting that while many psychologists hypothesize developmental 
changes (be they maturationally or experientially based) in other areas, 
rote learning has until recently been both theoretically and empirically 
neglected in this regard. The present study was carried out to extend 
our knowledge about developmental differences in paired-associate learn- 
ing. More specifically, this E was concerned with the effects of mode of 
presentation on acquisition and interference with kindergarten and 
second-grade children. 

In an earlier article, Loomis and Hall (1968), using the aural mode 
of presentation, employed the A-B, A-C design with kindergarten and 
second-grade children. They found significant interference effects with 
the 8-year-olds but not the 5-year-olds. This is not only contrary p? 
White's (1965, p. 214) prediction that 5-year-olds should exhibit sig- 
nificantly more negative interference, but also fails to demonstrate ® 
well-known phenomenon found many times with adults. This clearly de- 
manded replication with a new sample. In addition, most studies utiliz- 
ing the A-B, A-C paradigm have used visual presentation and it was 
felt that adding the visual mode here would considerably increase ОШ 


*Present address: Psychology Department, Syracuse University, Syracuse; New 
York 13210. 
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knowledge about the generality of the Loomis and Hall findings. The 
Loomis and Hall study also used a double criterion (15 trials or 1 per- 
fect trial) for its measurement of transfer effects and running everyone 
the same number of trials should again increase our confidence in the 
results. Finally, an additional pair was added to the lists (from four to 
five), since it was found that the younger children were easily able to 
handle this many. 

With regard to acquisition, it has typically been reported that young 
children perform better with aural than visual presentation (e.g., Mc- 
Geoch and Irion, 1952). Budoff and Quinlan (1964a), using 8 pairs of 
nouns and verbs from preprimers, some of which formed meaningful 
combinations (e.g. look-dog) found that 7- and 8-year-olds learned the 
lists significantly faster when these were presented aurally. They also 
used a double criterion of 1 perfect trial or 24 trials. Later, the same Es 
(1964b) replicated these findings using average and retarded readers 
with the same materials and procedures. Otto (1961) paired five com- 
mon forms (e.g. triangle) with low association value trigrams which 
he presented to three grade levels (2, 4, and 6) including good, average 
and poor readers. Here the difference between procedures used in aural 
and visual presentation (he calls them reinforcements) modes are less 
pronounced (in both conditions the eve was articulated, but the visual 
condition included presentation of the three letters). Here, again, the 
second-graders (but not fourth or sixth) were better at the aural than 
visual presentation, There was an added problem, however, in that both 
serial order and scrambled order were used and 5 was run until he 
reached one perfect trial for each presentation type. 

In no ease have Es used kindergarten children or pictures rather than 
words in comparing visual with aural presentations. Since, as White 
(1965) has pointed out, the age range between 5 and 7 has been identi- 
fied by several theorists and much empirical data as being à transitional 
stage for learning processes, it is especially appropriate for any E inter- 
ested in early developmental changes to include this age span. With re- 
gard to the use of pictures rather than words, not only is it impossible 
to use the latter with kindergarten children, but it seems more ro 
priate to use pictures with second-graders, since ability to read mig : 
Well be a confounding factor when making a comparison with the aura 
presentation. 


METHOD 


Design and sample. The basic design compared two grade dei 
dergarten and second grade), two modes of presentation (visua a 
aural), and two paradigms (experimental and control). The contro 
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group learned the standard D-E, A-C list. The Ss were 60 kindergarteners 
randomly chosen from about 125 students and 60 second graders ran- 
domly chosen from 130 students at Wetzel Road Elementary School, 
Liverpool, New York. The mean ages were 6.1 and 82 years, respectively. 
The Ss in each age group were randomly assigned to one of the four 
groups (aural or visual; experimental or control), resulting in the in- 
clusion of 15 Ss in each cell. 

Material and procedures. The lists used are shown in Table 1 and were 
made up of nouns randomly selected from the 45 singular nouns used as 
stimuli in gathering the oral word association norms from young children 
by Palermo and Jenkins (1966). Outline drawings of the objects these 
words represented were then made, photographed, and reproduced as 
35mm slides. These slides were projected on a 9 X 9-inch screen by à 
Sawyer 707Q slide projector. The projector was operated automatically 
by two Hunter Timers. The first object was presented for 3 seconds by 
itself and then the two objects were shown together for 3 seconds. The 
intertrial interval was 6 seconds. The aural presentation was recorded on 
a Magnacord 1140 Tape recorder and presented to the children via Sharpe 
earphones. The stimulus word was first pronounced and then after а 
3-second pause it was pronounced again with the response word. Both 
modes were in all other details identical. The actual lists were arranged 
in five random orders with the limitation that no single pair was to occur 
consecutively. This was violated on Trial 10 where the circular tray 0n 
the slide projector recycled and the last pair on Trial 9 was the same 
as the first pair on Trial 10. 

Prior to the experimental task, each S was presented a two-pair list 
(knife-fork and ice cream-cake) to a criterion of one perfect, trial to be 
sure the children understood the instructions. The instructions seen 
below were adapted from McCullers (1963). 


This is a game to see how well you can learn. If you try hard, we will 
give you some M&M candy afterwards. This is how it goes. When I turn 
on this slide projector (tape recorder), you will see (hear а word) an object. 
A few seconds later, you will see (hear) the same object (the same word) 
with another object (word). Your job is to guess what the second object 
(word) will be, before you see (hear) it. You are to say the name of the 
object (word) out loud so I can hear you. Although the objects are all very 
common, I will tell you what we call them the first time through if we 
happen to call them different things. Here is an example of what you are 
going to see (hear). (1 trial with the two pair list) O.K. now we are ready 
to start. (Present the two pair list until S gets one perfect trial and then 
clarify instructions if necessary.) 


The italicized sentence was only used in the visual condition. Other 
condition differences are in parentheses and should be self-evident. The 
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ТАВГЕ 1 
Won» List Usep 

DE AB AC 
Doctor-chair House-gun House-bread. 
Table-hammer Finger-woman Finger-sheep 
Bed-dog Needle-cheese Needle-girl 
Spider-man Lion-scissors Lion-boy 
Hand-lamp Baby-car Baby-mountain 


candy was used to keep the attention of the children and each S received 
four M & M candies upon completion of the task. 

All Ss repeated the first list until one perfect anticipation trial was 
performed and then immediately shifted to the second (within 30-60 
seconds). The second list was presented to all Ss for 9 trials. Table 1 
shows the lists used. 


RESULTS 


Tables 2 and 3 which show the appropriate acquisition information for 
the various lists indicate that the correlations between the means and 
standard deviations are quite high. A subsequent examination of the 
distributions indicated that they were skewed. Although it is now 
generally accepted that the analysis of variance is relatively insensitive 
to this problem (see Box, 1953) all data analyses were done using both 
raw scores and log transformations. As would be expected, while the 
correlations were reduced considerably, the results remained unchanged. 
F values given here were those obtained using raw scores. 

A 2 (experimental-control) X 2 (kindergarten-second grade) x2 
(audio-visual) analysis of variance was computed on trials to criterion 
on the first list. This analysis yielded a significant visual-audio effect 
(F =5.11, 1/112 df, p < .05) and a significant experimental-control 
interaction with kindergarten and second grade (F = 4.50, 1/112 df, 


TABLE 2 
MEANS AND STANDARD DEVIATIONS FOR NUMBER OF TRIALS TO 
CRITERION ON THE FIRST List 


Experimental Control 
Group Mean SD Mean SD 
Kindergarten audio 7.8 3.95 11.2 5.52 
MUN 7.2 4.57 7.1 2.94 
Second grade audio 8.1 4.07 6.7 3.49 
Visual 7.3 3.45 5.7. 2.49 
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p « 05). Table 2 indicates that children reached criterion on the list 
faster when it was visually presented. The interaction was caused by the 
kindergarten controls taking longer than the experimental group while 
the second grade controls did better than the experimental group. 
Separate Ё tests for each age were computed comparing the experimental 
and control groups. Both comparisons failed to reach significance. No 
other interactions or main effects were significant. 

The second list was analyzed with a 2 (experimental-control) X 2 
(aural-visual) X 2 (kindergarten-second grade) analysis of variance 
using number of correct anticipations. The means and standard devia- 
tions are shown in Table 3. This analysis yielded a significant experi- 
mental-control effect (Е = 11.11, p < .01, 1/112 df) and a significant 
presentation mode by age interaction (F = 4.14, 1/112 df, р < .05). This 
was the result of age differences in performance on the visual mode of 
presentation. The visual mode seemed to be easier for the second graders. 
No other main effects or interactions were significant. 


TABLE 3 
MEANS AND STANDARD DEVIATIONS OF NuMBER CORRECT ON 
Triats 2-9 ох SEcowp List 


Experirffental Control 
Group Mean SD Mean SD 
Kindergarten audio 23.33 8.24 27.33 6.84 
Visual 20.87 10.50 25.33 8.95 
Second grade audio 23.00 10.31 26.73 7.59 
Visual 24.67 8.71 33.33 6.99 
DISCUSSION 


Although it is, of course, impossible to exactly equate the two modes 
of presentation, the writer feels that by using pictures rather than printed 
words and earphones rather than free field, he has come closer than 
previous attempts. The present writer also feels that in light of these 
findings the earlier generalization (MeGoech and Irion, 1952; Budofl 
and Quinlan, 1964a) that children learn faster aurally than visually 
must be modified. Most studies upon which these generalizations were 
based used older Ss than the present study. It seems possible that the 
conditions under which different modes excel may be quite specific, with 
both S and task parameters in need of further investigation. T 

It again appears that the prediction made by White (1965) has failed 
to materialize. The fact that Loomis and Hall (1968) failed to find à 
significant interference effect with slightly younger children using the 


hk 


PRESENTATION MODE AND AGE DIFFERENCES 405 


aural presentation mode (mean of 6.1 as opposed to 5.9) indicates that 
the findings tend to be opposite from the predicted direction. 

The fact that the Loomis and Hall findings did not replicate could be 
explained in several ways and need further investigation. First, the addi- 
tion of à non-contingent candy reward could have inereased the attending 
behavior of the younger subjects who may have not yet been used to 
paying attention for long periods of time. The candy may also account 
for the nonsignificant age main effects which were found in the earlier 
study. In addition, earphones were used in the present study, which might 
have also influenced attention in the aural mode. 

Perhaps the most pressing problem concerns the implications such 
findings have for how these processes operate in young children. This 
may be phrased in terms of questions asked by stage theorists or more 
simply by people involved in mediation studies. While there have been 
a number of findings which suggest that 5-year-olds perform. differently 
from older children (i.e., Koppenaal, Krull, and Katz, 1964; Jensen and 
Rohwer, 1965) the tendency so far has been to account for them simply 
in terms of differences in experience with language and words. Future 
studies need to systematically investigate more specifically the kinds of 
experiences which are hypothesized to be important before this question 


ean be fully settled. 
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Reversal Shift Behavior and Verbalization in Two Age 
Groups of Hearing and Deaf Children 


J. ANDRÉ! 
University of California, Berkeley 


Four groups each containing 24 children (hearing or deaf, 7 or 12 years of 
age) were given the Kendler “optional choice” reversal-nonreversal shift 
task to determine the relationship between Janguage ability and performance 
in this task. Following completion of the task, Ss were asked to verbalize 
the concept. 

The results indicate no difference between hearing children and their deaf 
counterparts in either speed of learning the first or second concept, or in 
the proportion of “reversers,” but there was & significant difference between 
the two ages for all these measures. 

For the hearing children, verbal reports were not significantly related to 
task performance. Further analysis demonstrated а significant relationship 
between verbal report and speed of shifting to the second concept as well 
as between type of shift and speed of shifting. 


Numerous recent studies have been concerned with the theoretical 
interpretation of the results of reversal-nonreversal shift tasks given to 
human Ss. In these studies it has been found that preschool children 
learn a nonreversal faster than à reversal shift task (Kendler, Kendler 
and Wells, 1960), whereas college students learn a reversal faster than a 
nonreversal shift (Kendler and D'Amato, 1955). In studies in which each 
S was allowed to make either shift, they found that the percentage of Ss 
choosing to make a reversal shift increased with age, from 37.5 at 3 to 
62.5 at 10 years (Kendler, Kendler and Learnard, 1962). Reasoning that 
a reversal should be faster than а nonreversal shift only if the Ss were 
able to use some mediator, they have defined the presence of a mediator 
by the S's choice on the optional shift task. Ss who choose to make a 


reversal (R) shift are said to be exhibiting mediated behavior; and are 

! Now at Sacramento State College. An early version of this paper was presented 
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cooperation afforded to the E in providing subjects and space: California. School 
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Oakland, Mr. L. Brennan, Principal; Whittier University School, Berkeley, Dr. 
R. D. Muscio, Principal. 

407 


408 J. ANDRÉ 


termed “mediators,” whereas those who make a nonreversal (NR $ 
or respond inconsistently (In) are termed “nonmediators.” 

The Kendlers have suggested that the most obvious and rea 
source of this mediation is verbal behavior (H. H. Kendler, 1954, p. 
1961, p. 203; T. S. Kendler, 1963, p. 40, 42, 44; 1964, p. 428) and. 
presented considerable evidence supporting this position. Kendler et 
(1960) found that giving one group of nursery school children 
instructions to verbalize while performing the task had no effect on 
performance in a forced choice task. In another study (Kendler 
Kendler, 1961) 4- and 7-year olds were given either relevant, irre e 
or no verbalization instructions prior to a R shift task. It was foune 
verbalization instructions significantly influenced the performance 
both age groups combined, the greatest effect being the i 
verbalization condition for the older children. 

T. S. Kendler (1964) gave the optional choice R shift task to 
garten children in two separate experiments to determine if verbali 
by the children while they were learning would increase the f 
of those choosing to make a R shift. In both experiments, verbaliz 
significantly increased the frequency of R choice behavior, tho 
notes that in neither experiment was there any evidence that ve 
tion affected the speed of learning the optional shift. It is possible 
requiring the children to respond to both stimuli on each trial (4 
is the winner, White is the loser) built up the association between Bla 
and White as relevant attributes, When Black is no longer correct i 
second stage, White is chosen because of the associative stre 
Black or because verbalizing Black and White increases attention 
brightness dimension. Either possibility would facilitate the R s 

While these studies indicate that verbalization as an indep 
variable can have an effect on the results of both forced and opt 
choice R shift tasks, two questions still remain: (1) Is mediation in 
paradigm necessarily verbal? and (2) Is mediation related to ` 
ability when verbalization is not introduced as an independent vari 

If we reason that this mediation is due to verbal mechanisms, a pos 
test would consist of giving the "optional choice" shift task to 
groups who differed in their verbal abilities but were equated fo 
and LQ. Since deaf children lag considerably behind their h 
counterparts in verbal abilities of almost every conceivable type ( 
and Ewing, 1938; Lenneberg, 1967), it was decided that they 

provide a reasonable source of evidence relating to this theory. The 
two age groups (7 and 12) of hearing and deaf children were select 
subjects in this experiment. 1 

In order to determine the relationship of verbal ability to task | 
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J formance for both deaf and hearing Ss, all Ss were given a posttask 
quiz to assess their ability to describe the correct stimuli to which they 
had been responding. 


METHOD 


Subjects 


The deaf Ss were 24 children in each age group (a 12-year age group 
with а mean age of 142 months and a range from 138 to 147 months, and 
а 7-year age group with a mean of 83 months and a range from 71 to 91 
months) from the California School for the Deaf in Berkeley, and 
Hawthorne School in Oakland. The 12-year group had a mean IQ of 
101.4 with a range from 83 to 128 (based on available data for 18 
children and a variety of tests including the WISC, Columbia, Good- 
enough, and Leiter). There were no measures for the 7-year group, but 
since all available children were used in the study and the entrance 
examination to these institutions excludes those of gross subnormal 
intelligence, it is quite likely that these are a fairly normal group. The 
12-year group had 10 girls and the 7-year group had 12 girls. 

Hearing Ss were 24 normal hearing children in each of two age groups 
(a 12-year group with a mean age of 143 months and a range from 134 
to 151 months, and a 7-year group with a mean age of 82 months and a 
range from 75 to 88 months) from the Whittier University School in 
Berkeley. The 12-year group had a mean IQ of 102.2 with a range from 
77 to 117, based on Henman-Nelson tests given the previous school year. 
The members of the 7-year group were chosen by their teachers as 
average normal pupils being neither very bright nor very dull. The 
12-year group had 9 girls and the 7-year group had 15 girls. 

Ten Ss not included above were eliminated. Each 12-year grou 
one because of experimenter error or interruption, and each 7-year group 
lost two for the same reason, One 7-year hearing and three (Eos deaf 
children. were eliminated when they could not learn the original dis- 
crimination within 280 trials. 


p lost 


Apparatus 


The discrimination apparatus was as similar as possible to that used 


by Kendler et al. (1962), consisting of a box 17x10x4 inches with 
Daired windows, levers and reward openings arranged symmetrically on 
the front. Windows were 3 x 3-inch openings behind which the stimulus 
cards were placed. Choice of one stimulus or another was made E. 
Moving the proper brass rod up and toward the stimulus. The correc 

electric marble-magazine 


« Choice was accompanied by a loud click of the 
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resulting in the delivery of a marble into the reward opening. Stimuli 
were four medium-gray cardboard cards mounted with squares of 
different size and brightness: One large (3 square inches) black (В), 
one small (1 square inch) black (b), one large white (W), and one small 
white (w). These were paired so that at each presentation two cards 
appeared which varied simultaneously on two dimensions. It should be 
noted that there were only two possible combinations which vary thus: 
B paired with w, and W paired with b. A sliding sereen was lowered in 
front of the windows while the stimuli were being changed by E. 


Procedure 


Ss within each group were assigned random numbers to determine the 
sequence in which they were tested. Both ages and conditions were run 


concurrently. All possible stimulus combinations were counterbalanced 


for each group. 

Ss were run individually in a room with only ће E present. Deaf Ss 
had the task explained to them by a skilled teacher at first and later by 
E when he became proficient and no teacher was available. The instruc- 
tions given the Ss were as close as possible to those used by Kendler, 
et al. (1962). The child was told that he was going to play a game with 
E in order to win marbles for correct choices. Hearing Ss were given many 
of the same gestures used in the explanation for the deaf. All children 
were told to “look and think” and they would be able to win many 
marbles. They were given occasional encouragement throughout the first 
task to keep up their interest, 

All but four Ss completed the experiment in one session. Two 7-yeat 
deaf children, one 12- and one 7-year hearing children required tw0 
sessions. 

Three series of trials were run with no break between them. Series І 
gave training in the original discrimination, Series II gave training it 
a second discrimination and Series III consisted of five test trials inter- 
spersed with five series II trials. 

In Series I, both pairs (B vs. w and W vs. b) were presented alternately 
in a fixed irregular pattern so that each card appeared an equal number 
of times on each side with no more than two in succession except where 
absolutely necessary to break a position habit after 60 trials had been 
given. The reward pattern was such that one card of each pair wa 
always correct, and the same concept (large, small, black or white) #® 
always correct for any given S. A marble was automatically deliver? 
for a correct choice, but for an error, S was required to return a marble 
to E. Five marbles were given to S at the beginning. If S lost all the 


= —— 5 
OO À 


marbles, he was told that he “lost” the game and was given five more ОД 


e 
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play a “new” game. Ss were run to a criterion of 9 out of 10 consecutive 
correct responses. Any S requiring more than 280 trials to learn this 
initial discrimination was rejected and replaced by an equivalent S. 

In Series II only one pair was presented repeatedly (B vs. w or W vs. b) 
and the reward pattern was reversed from Series I; i.e., if large had been 
rewarded in Series I, small was rewarded in Series II. Since there was no 
second pair to indicate which of the two dimensions was relevant, the 
8 could respond to either or both. For example, suppose that in Series I 
large was rewarded (W+ vs. b— and B+ vs. w—). Now, in Series II 
small is rewarded, but since only one pair of stimuli is being presented; 
ie, B— vs. w+, S could reach criterion by responding to small, white 
or both. Series III was given to determine the dimension to which S 
was responding. 

In Series III, both pairs were presented alternately, each five times, 
the pair omitted during Series II being the test pair. Both stimulus cards 
not appearing in Series II were rewarded while the pair presented in 
Series II retained the same reward pattern. The first pair presented in 
Series III was always a test pair and was always presented as it had 
been on the first trial of Series I. Thus, all possible cards and positions 
were counterbalanced for the test pair across Ss. Going back to the 
above example: In Series I, large was rewarded and in Series П small 
was rewarded (but white was also). The reward pattern for Series ш 
would then be: W- vs. b+ and B— vs. w+. Therefore, no matter which 
dimension S was responding to in Series II, the same dimension would be 
rewarded in Series III. This series was given to determine the dimension 
to which the response was being made, and thus identify reversers and 
nonreversers. In the Kendler et al. (1962) study, 10 test trials were given, 
and a reverser was defined as an S who chose the reversal choice at least 
8 out of 10 test trials. Since only 5 test trials were given in this study, 
the corresponding definition would be 4 out of 5. Therefore, if the S 
chose small in at least 4 of the 5 test trials he was classified as a reverser. 
If he chose white in at least 4 of the 5 test trials, he was classified ка 
nonreverser, and if he chose any single concept less than four iimes he 
was classified as inconsistent.? 


asis for classification of the type of 


zT! i the bi A 
he ue of 4/5 шае OF i Ua ent a problem in increased mis- 


response made in Series III might appear to presen orale K 
classifications. However, most Ss respond in а consistent, fashion in — e and 
this appears to be only a minor problem. In a recent study ten test trials were 


presenti -yr. hearing children. Reanalyzing these data on 
ted: for, each of the: 90 TE test trials revealed nine mis- 


be expected with the 8/10 criterion 
S are generally consistent and the 
classification. 
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After the test series was completed and the stimulus cards covered 
each S was asked “which picture is the right one?" If the S did not 
answer verbally, the test pair was shown to him and the question was 
repeated. Ss often would point at the correct card, but E urged them to 
verbalize the correct answer, Only verbal answers were accepted and in 
the case where several dimensions were verbalized, the first one men- 
tioned was always accepted as the answer. These responses were classified 
as correct if they matched their performance in Series III. Verbal 
responses were obtained from all of the hearing Ss and from six of the 
12-year and five of the 7-year deaf Ss. 

Ss were allowed to keep the marbles they had won and promised to 
keep the game a secret until everyone had had a chance to play. 


RESULTS 


Task Performance 


The means and standard deviations for Series I and II trials to cri- 
terion are presented in Table 1. The learning data for both Series Т and 
Series II were skewed, therefore an analysis of variance was performed 
for both the raw data and its square root transformation for each series. 
Both analyses for each series gave an identical pattern of results and the 
only significant effect was age (Series I, transformed F = 11.5, p < 0l; 
Series II, transformed F = 85, p < 01). 


TABLE 1 
MEANS AND STANDARD Deviations FOR S-I AND S-II TRIALS то CRITERION 


(9/10) ExcLUDING CRITERION TRIALS 
eana os "M 


Group Age S-I S-II 
Hearing 7 53.96 (58.33) 19.12 (28.78) 
Hearing 12 18.62 (23.01) 7.75 (11.80) 
Deaf 7 51.25 (49.52) 22.42 (24.23) 

62 ( 


2 
Deaf 12 24.75 (35.53) 9.62 (19.13) 
SSS тн К 9-62. (19.18) 500 


Table 2 presents the proportion of Ss in each class: Reversal (R) non- 
reversal (NR) and inconsistent (In); based on their performance 1n 
Series III. There was no significant difference in the proportion of Ss 
choosing a R shift between the deaf and hearing children of either age 
group, but there was between the two ages (Z — 2.15, p « .032) (294 
tailed test). An analysis of variance for the number of correct response: 
in Series IIT (including both test and nontest pairs) revealed a signifi 
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TABLE 2 
PERCENTAGE OF Ss IN EACH PERFORMANCE CLass FOR EACH AGE AND 
CONDITION BASED on 8-ПІ PERFORMANCE 


Age % К % ХЕ % In 
7 58.3 25.0 16.7 
7 (Deaf) 50.0 33.3 16.7 
12 71.0 16.7 12.5 
12 (Deaf) 79.2 12.5 8.3 


cant effect only for age (p « .05). These results for the hearing children 
are quite consistent with those reported by Kendler et al. (1962). 

Following the analysis used by Kendler and Kendler (1959), all four 
groups were each divided into fast and slow learners based on their 
performance in Series I by dividing each group at the median. Among 
the fast learners there were 35 R out of 48 possible, whereas among the 
slow learners there were 27 out of 48. There was no significant relation- 
ship between speed of learning and the frequency of those choosing а К 
shift (reversers) (y2yates = 2.23, p > .05). 

The presence of a mediator (ie, a later R shift choice) was not 
related to the speed of learning Series I. Even if the presence of а 
mediator cannot be demonstrated to aid in the original learning, this is 
not as important as the effect it should have in the performance in Series 
II, where the mediator should give rise to faster shifting (Kendler, 1964). 
The same analysis was made for Series II data. Here among the fast 
(below median) shifters there were 40 reversers out of 48 possible, 
whereas among the slow shifters there were only 22 out of 48 (x yates = 
13.07, p < .001). 

Verbalization 

All the hearing children, but only 11 of the 48 deaf children gave a 
verbal report following completion of the task. Since it is difficult to 
interpret the verbal report of Ss who did not perform consistently in 
Series III, and since less than a quarter of the deaf children gave any 
report at all, only the results for the R and NR hearing children will be 
considered. Table 3 presents the number of Ss in each performance ps 
verbalization elass. Among the 7-year Ss, 70% gave а verbal report whic 
matehed their performance in Series III and among the 12-year Ss, 76% 
also matched their report with their performance. There was no signifi- 
cant difference between R and NR Ss in the frequencies of correct, 
verbalizations (23/31 vs. 7/10), nor was there a significant relationship 
between age and verbalization. 
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TABLE 3 
NUMBER or Consistent Ss GIVING VERBAL REPORTS FOR Eacu PERFORMANCE 
Crass (HEARING CHILDREN ONLY) 


Аре 
7 years 12 years Combined 
correct 
Verbal Report Correct Incorrect Correct Incorrect (90) 
Performance 
Reverser 10 4 13 4 74% 
Nonreverser 4 2 3 1 70% 
Total 14/20 = 70% 16/21 = 76% 
Correct 


SS 
“Age vs. verbal reports x?yates = 0.09 пз. Performance vs. verbal reports 
x’yates = 0.02 n.s. 


An analysis of the relationship between speed of shifting and verbaliza- 
tion was made for the consistent hearing children, revealing that fast 
shifters have more correct verbalizations than slow shifters ( x'yates = 
5.82; p < .025) (Table 4). 


TABLE 4 
Fasr (BEtow MEDIAN on S-II) AND Stow SHIFTERS ув. VERBALIZATION 
(Consistent HEARING CHILDREN ONLY) 


Fast Slow Total 
Correct 20 10 30 
Incorrest 2 9 11 
Total 22 19 41 


x’yates = 5.82, p < .025. 


DISCUSSION 


There are at least two simple hypotheses which can be examined with 
the results of this study: 


Hypothesis I—Mediation in this paradigm is due to language 
mechanisms. 
Hypothesis II—Mediation is due to some symbolic system (not 


necessarily verbal) which is verbal in hearing children but 
something else in deaf children. 


Despite their general handieap in language skills which is furi 
evidenced by the low number who were able to verbalize at the end v 
the task, deaf children did about as well as hearing children in Series L. 


FM 
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II and III. This suggests that mediation in this paradigm is not neces- 
sarily due to verbal mechanisms, and Hypothesis I can be rejected. 
However, it is possible that some symbolic response other than ordinary 
language was operating in the deaf children and that for hearing children 
the mediation is verbal. 

On the assumption that verbal mediation, even if covert, would prime 
the appropriate response systems, it would be expected that children who 
were mediating via verbal mechanisms would, when asked which card 
was correct, have a prepotent response of emitting the correct label since 
there are only four possible simple answers. 

If the mediation were due to verbal mechanisms and if the posttask 
verbaliz-tion can be viewed as a good index of the operation of this 
mechanism then we would expect the relationship between type of shift 
and verbal report to be: (1) 100% of the R Ss verbalize correctly and 
(2) 50% of the NR Ss verbalize correctly (since there are only two 
concepts being rewarded during Series II). Instead of this outcome, we 
find: (1) 74% of the R Ss gave correct reports and (2) 70% of the NR 
Ss gave correct reports (Table 8). 

Since frequency of R shifts increases with age (58 to 71% for hearing 
Ss), a view that this inerease is due to verbal mediation would have as 
à reasonable requirement that correct verbal reports would correspond- 
ingly increase with age. The increase of frequeney of correct verbaliza- 
tions with age (70-76%) was not significant, (p > .75) and was of less 
than half the magnitude necessary for à good fit. у 

Since there was no significant difference between hearing Ss choosing 
R or NR in their frequency of correct verbal reports, and since frequency 
of R shifts increases with age but frequency of correct verbalization does 
not it appears that Hypothesis II can be rejected, but the data are not 
that straightforward. For all Ss those who were classified as К shifters 
performed above the median in Series II (p < 001) and for consistent 
hearing Ss those who were classified as R shifters gave more correct 
verbalizations (p < .025). This is поб an artifact due to subdivisions of 
the groups since for the 41 consistent hearing Ss, those who were olsen 
fied as R shifters also performed above the median in Series П (x*yates 
= 9.05, p < .005). 


This presents a dilemma, for the most direct evidence of the relation- 


10 / i bserved to make any kind of gesture 
aly a few of the older deaf children were observed $ Taren at many modern 


movements with their hands during the task. 
schools such as those from which these Ss came, are not taught E manual buts 
but are encouraged to use whatever "natural" gestures arise In their daily E 
Thus, the gestures that are used by these older students tend to be large, expressive, 


and easily observed. 
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ship between choice of shift and verbalization indicates no relationship 
exists, yet the indirect evidence of type of shift and verbalization com- 
pared to speed of shift indicates a direct relationship should exist. This 
inconsistency may be resolved by an examination of the definition of 
mediation. 

One problem with the definition of mediation based only on perform- 
ance in Series III is the lack of an “error term." Ss might make a К 
shift by chance and not be virtue of a mediator. With such a definition, 
these “pseudo-mediators” are placed in the same class as the "real" 
mediators. If mediation is at work in this paradigm, one way it should 
manifest itself would be in facilitating the shift required in Series II, 
so that Ss who were mediating should shift faster than those who were 
not mediating (Kendler, 1964, p. 428). That this is the case seems well 
demonstrated in the results (above). However, close inspection of the 
slow shifters suggests that they are splitting on a chance basis for their 
performance choices (22:26) and for their verbal reports (10:9) (Table 
4). Chance level is difficult to determine for In responders (6 deaf and 
7 hearing) but for consistent (R and NR) responders where there are 
two possible simple concepts being rewarded in Series II, chance would 
reasonably seem to be 50:50. 

In studies of transposition with tasks similar to this, a good argument 
can be made that the first test trial is really the crucial one since S may 
be learning something during the test series. With this in mind the data 
were examined for the relationship between first test trial results and 
classification according to the five test trials. 82 of the 83 consistent 
performers had their performance on the first trial matching their 
classification of the five test trials. This provides a basis for classifying 
those Ss who were not consistent for some reason. Of these 13 In, there 
were 3 ^R? and 2 “NR” below and 4 “R” and 4 “NR” above the median 
on Series II, apparently a chance split between R and NR type responses. 

Since slow shifters are apparently choosing a R or NR type of response 
by chance, it does not seem appropriate to identify mediation in this 
paradigm by the type of shift alone. The speed of shift data would seem 
to supply a needed additional criterion for the determination of mediated 
behavior, thus weeding out the “pseudo-mediators” and allowing à much 
tighter analysis of what is responsible for the effects found in this 
paradigm. 

Another problem in the assessment of mediation effects lies in the 
appropriate theoretical comparisons to be made. If R shifts are mediated 
and NR shifts are not mediated, such comparisons between the two seem 
appropriate, but when R shifts are compared with other responses ( 
shift and In) combined the results are often striking but obscure the 
distinction between В, and NR responses. 
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The major emphasis on the difference between R and NR shifts by the 
Kendlers (Kendler and Kendler, 1962; Kendler et al., 1962) has at times 
been blurred by emphasis upon the R shift alone (Kendler and Kendler, 
1966) wherein they have compared R shifts with NR and In combined 
giving dramatic effects in favor of the R shift. It seems that the crucial 
argument for their position is based on the difference between R and NR 
not between R and other responses. Inconsistent responders are very 
poor in learning, shifting and verbalizing for some unspecified reason. 
When these Ss are grouped with the NR Ss, it then magnifies the relative 
efficiency of the R Ss in а way which is not really appropriate to their 
original theoretical argument. 

An example of these effects can be seen by comparing the response 
choice vs. verbalization analysis for consistent hearing subjects only 
(Table 3) (x2yates = 0.02, p > 75) with the same analysis which in- 
cludes the inconsistent responders. For In Ss there is no easy Way to 
determine if their verbalizations are correct or not, though for most of 
them it 15 obvious they are wrong for they often give verbal reports 
unrelated to the reward pattern in S-II (ie., “the left one,” “the white 
one” which had not been reinforced at all). Now, by pooling the NR and 
Tn groups and assuming that the In Ss gave incorrect verbal reports, as the 
majority obviously did, we find the relationship between type of response 
(R vs. other) and verbalization to be almost significant at the .05 level 
(yate = 3.80; ҳа = 3.84 at .05). Regardless of the outcome of this 
analysis it would seem to be inappropriate if the major important distine- 
tion is between R and NR Ss. Using а conjunctive definition of mediation 
based on choice and speed of shift might explain the inconsistencies found 
above. Table 5 presents the frequency of consistent hearing children 
found in each choice-speed-verbalization class. Though the small number 
of Ss per cell precludes a meaningful statistical analysis, the fact that 
90% of the fast R Ss, whereas only 40% of the slow R кетере 
correctly indicates that verbalization is closely related to the conjunctive 
definition of mediation. 


TABLE 5 
PERFORMANCE, SPEED AND VERBALIZATION 
Consistent HEARING CHILDREN IN 


RESULTS (FREQUENCY OF 
acu CLASS) 


Fast Slow 
Correct Incorrect Correct Incorrect Total 
R 19 2 4 6 31 
NR 1 0 6 3 10 
41 


Total 20 2 10 9 
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Thus, these inconsistencies apparently arise mainly because mediation 
has been defined by R shift choice alone, thereby classifying ав mediators 
a number of slow shifters who apparently chose a R shift by chance. 

It should be noted that this close association of fast К shifters and 
verbalization does not necessarily mean that mediation is verbal for 
hearing children, it does point strongly in that direction and Hypothesis 
II can be tentatively accepted. 

These data suggest that there is no simple or straightforward relation- 
ship between choice of a R shift and verbal mediating mechanisms. The 
results suggest that a better definition of a mediating child might be a 
conjunetive one—based both on speed of shift and choice oí shift, In the 
light of this analysis, taking a R shift choice as the sole evidence for the 
presence of mediation seems questionable, whereas a conjunctive defini- 
tion of mediation does much to clarify the obtained results for the 
hearing children. 
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Observing Responses, Visual Preferences, and 
Habituation to Visual Stimuli in Infants! 


LESLIE B. COHEN? 
University of California, Los Angeles 


Two experiments investigated the effects of moving visual stimuli on 
observing responses of 2- to 6-month-old infants. Stimulation consisted 


received no light until the last four trials, when they were shown the light 
moving among 8 positions. In Exp. Il, infants’ visual preferences were ex- 
amined by repeatedly presenting two lights simultaneously. Thirty infants 
were randomly assigned to one of three groups. Group (4, 1) was shown the 
4-position and stationary lights, Group (16, 1) the 16-position and stationary 
lights, and Group (16, 4) the 16- and 4-position lights. 

Results from Exps. I and II indicate infants initially fixate longest on 
stimuli with intermediate position change, and these fixations tend to 
habituate over trials, Infants were also found to prefer lights which changed 
position to a stationary light, with the greatest, preference occurring оп the 
early trials when the light varied among 4 matrix positions апо 
trials when the light varied among 16 positions. Finally, evidence from 
Exp. II but not from Exp. I indicates that lights with many position changes 
produce less habituation than lights with few position changes. 


Much research recently has been directed toward the understanding of 
visual exploration and preference in human infants. The two varia is 
manipulated most frequently have been either the novelty of the stimulus 


or some aspect of the variability or physical complexity of the ш 
pattern. Most experimental evidence with Ss 2 months of age or 9 er 


indicated the more novel the stimulation, the more infants will observe it 
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(Fantz, 1964; Saayman, Ames, and Moffett, 1964). In some instances | 
complex patterns also produce greater fixation times than simple patterns 
(Berlyne, 1958; Fantz, 1958; Munsinger and Weir, 1967). However, 
Thomas (1965) reported that when the complexity of the stimuli was first 
determined by adult ratings, infants preferred a stimulus of intermediate 
complexity. In addition, both the Thomas study and one by Brennan, 
Ames, and Moore (1966), in which the number of squares in checkerboard 
patterns was varied, found the complexity level observed most was à 
function of age, with older infants preferring more complex stimuli than 
younger infants. 

The Brennan её al. and Thomas experiments gave the first direct sup- 
port to several current theories of exploratory behavior (Berlyne, 1960, 
1963; Dember and Earl, 1957; Walker, 1964) which predict an inter- 
mediate level of physical complexity will produce maximal exploratory 
behavior. The theories also predict. maximal exploration of stimuli with 
intermediate novelty. In general, both novelty and physical complexity 
are subsumed under a broader category such as “psychological com- 
plexity” (Walker, 1964), “collative properties” (Berlyne, 1960), or 
“stimulus change” (Fowler, 1965). Although these theories may differ 
in some of their terminology and assumptions, they all propose the 
optimal level of stimulation for an organism will contain an intermediate 
amount of “stimulus change.” If the stimulus change in the environment 
is beyond this optimal level, the organism will tend to reduce the change. 
On the other hand, if the stimulus change is lower than the optimal level, 
he will attempt to increase the change. 

It should be possible to test the theories further in human infants by 
investigating the interaetion between novelty and physical complexity. 
1f the physieal complexity is great enough to place a stimulus above the 
optimal level for elicitation of infants’ observing responses, then the 
presentation of that stimulus on several successive trials will reduce the 
novelty, thus making it a more optimal stimulus. For a stimulus initially 
at optimal level, the reduction of novelty with successive presentations 
should reduce it below the optimal level. Finally, for a stimulus below 
the optimal level, successive presentations should place it even further 
below the optimal level for eliciting observing responses. 

Therefore, the prediction can be made that rapid habituation of infant 
visual observing responses should accompany stimulation at or below the 
optimal level, while stimulation beyond the optimal level should result 
in an early increase in visual observation followed at some later time 
by a decrease. 

Variations in visual preference over trials can also be predicted if one 
assumes differential habituation reflects preference differences. When ? 
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stimulus of intermediate stimulus change, ie., near the optimal level, 
is first paired with one of low change, i.e., below the optimal level, there 
should be an initial preference for the former. As trials continue, visual 
exploration to both stimuli should undergo habituation and the initial 
preference ought either to be maintained or to decrease. When the 
stimulus of intermediate change is first paired with one of high change, 
ie., beyond the optimal level, the initial preference should also be to the 
intermediate stimulus. However, in this case, since the high-change 
stimulus should habituate more slowly than the intermediate one, prefer- 
ence ought to be reversed on the later trials. Finally, when the stimulus 
below the optimal level is paired with one beyond the optimal level, there 
should be little initial preference for one over the other. As trials con- 
tinue, the stimulus with high change should come to be preferred over the 
one with low change. 

The present investigation included two experimental tests of these 
predictions in human infants. Both studies examined the relationship 
between stimulus novelty and stimulus complexity. Several levels of 
complexity were produced by varying the number of position changes 
taken by a single flashing light in a 4 X 4 light matrix. In Exp. I, each 
stimulus was shown to a separate group of infants. Fixation times to the 
matrix stimuli on the first trial were used to estimate the initial optimal 
level, and changes in responsiveness over trials were examined to see if 
habituation would be a function not only of repeated presentations of the 
same stimulus, but also of the degree of complexity associated with the 
stimulus. In Exp. II, a paired-comparison procedure was used to 
investigate infants’ visual preferences for light-matrix stimulation. The 
terminology of earlier experiments was followed by assuming an infant 
Preferred a stimulus if he fixated reliably longer on that stimulus than 
on another simultaneously presented stimulus. The stimuli were the same 
as in Exp. I, but now two flashing lights which differed in number of 
Position changes were presented concurrently. Both over-all preferences 
and modification of preferences over trials were examined. 


EXPERIMENT I 


Method 
Subjects. Seventy-three infants were drawn from the Marion Davies 
ty of California, Los 


Children’s Well B as Son e 

aby Clinic at the Universi | 
Angeles. Thirteen had to be replaced because they either fell pore 
during the experiment and could not be easily awakened, or they s: 
and cried to such an extent that the observers could no longer see their 
eyes. The final 60 Ss were randomly distributed among five groups а8 
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follows: Group Е1 (5 boys, 7 girls); Group E4 (8 boys, 4 girls) ; Group 
E8 (7 boys, 5 girls) ; Group E16 (6 boys, 6 girls) ; and the control group, 
Group C (4 boys, 8 girls). The infants ranged in age from 8.7 to 239 
weeks with a mean age of 15.9 weeks. 

Apparatus. A standard infant seat and pad, reclining at a 33-degree 
angle, was placed on the center of an examining table. The seat faced 
a shelf 18 inches above one edge of the table. Two observers standing 
at the far edge of the table, 3 feet behind the S, viewed the infant's 
head and eye movements in a small mirror, 7 inches in diameter, which 
was attached to the center of the shelf. Two types of visual stimulation, 
а spinning black and white dise and a 4 X 4 matrix of lights, were also 
placed on the shelf, one 12 inches to the left of the mirror, the other 12 
inches to the right. The position of the two stimuli was reversed for half 
the Ss. The stimuli were 40 inches from the infant’s eyes and subtended 
a visual angle of approximately 34 degrees. White sheets covered 
extraneous and potentially distracting stimuli on the wall and under the 
shelf. 

The light matrix was constructed from a 12 x 12 X 3-inch aluminum 
box, painted flat black. Sixteen holes, drilled 2 inches apart, formed a 4 X 
4 matrix. Into each hole was inserted one Dialeo 18400-935 bulb socket. 
The socket contained a GE 1829, 28-V bulb covered by a Dialco 95-935 
frosted white jewel, 5& inches in diameter. The illumination from each 
light measured less than one foot-candle at the approximate location of 
the infant’s eyes. Multiconductor cable connected the light matrix to 
the programming apparatus described below. 

The other visual stimulus was a black and white disc, 10 inches in 
diameter. It was divided into six equal, alternating black and white 
sections and was rotated by a variable speed motor. The spinning dise 
was used between trials to turn the infant’s head and eyes away from 
the light, matrix. 

A 28-V, DC power source supplied the light matrix through a Grason- 
Stadler Counter. The stepping switch in the counter was moved to a new 
position by an electronic timer. Snap leads from the matrix were attached 
{о every other position on the counter, and the timer was set to produce 
a blinking light with both on and off intervals of .2-second duration. BY 
properly arranging the snap leads, one could have either the light blink 
on and off in the same spot or have it move to any one of the other 
15 matrix positions. In order to reduce the noise level of the equipment, 
the power supply, counter and timer were put into an insulated aluminum 
ice chest. The ice chest was placed under the examining table ар" 
proximately 2 feet behind the infant. Four Hunter Timers, also under the 
examining table, controlled the time the black and white dise spun; the 
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interval before light-matrix stimulation, the duration of actual light 
stimulation, and the interval to the start of the next trial. 

Each observer held а hand switch which he pressed whenever the 
infant looked at the light matrix. The switch led to the Driver Amplifier 
of a Grass Model 5D Polygraph. Because each switeh was also in series 
with a resistor of a different value, the polygraph pen produced a greater 
excursion for one switch than for the other. With this equipment, it was 
possible to measure each observer's estimate of infant fixation to the 
nearest .4 seconds. A second pen recorded the interval of blinking light 
stimulation and intertrial interval. The Grass Polygraph was located 
against the far wall of the room, behind and to the left of the infant. 

Procedure. Each infant was obtained from the clinic waiting room. He 
was taken to the examining room and placed in the infant seat while his 
mother stood near by. The mother then retreated to a chair next to the 
polygraph where she could watch the experiment but was out of the 
infant’s view. The E, who was seated next to the programming equip- 
ment, waited for the S to look in the direction of the stimuli, then started 
the first trial. Every trial began with the black and white dise spinning 
for 3 seconds. Three seconds after the dise stopped rotating, the infant 
received 12 seconds of light-matrix stimulation. After a final 2-second 
interval, the next trial began and the dise started spinning once more. 

Infants were randomly assigned either to one of four experimental 
groups or to the control group. The procedure was the same for all 
groups except for the type of light-matrix stimulation. In the experi- 
mental groups, stimulation consisted of a light blinking 32 times on every 
trial. Between groups, the light differed in the number of position changes 
it made in the matrix. In Group El, the light flashed on and off in one 
position only. In Group Е4, the light varied among four possible d 
according to a predetermined random order which was 16 blinks long T 
was repeated twice per trial. Two restrictions were placed on the lig и 
movement: (1) One position came from each row of the matrix; (2) the 
light never moved to an immediately adjacent matrix position. The last 
restriction held for Groups E8 and E16 also. In E8, the light moved 
through eight positions with two positions coming from each row. 
Finally, in E16, the light moved among all 16 matrix positions. 

The control group was split into two halves. Six Ss (ОО ver 
given no light stimulation for 20 trials and then 4 trials with t e d 
position light. The remaining six Ss (Group C2) received 24 trials 7. т 
out light stimulation, followed by four trials with the 8-position lig t. In 
the following discussion, any references to the "control group or “Group 
C" will mean C1 and C2 combined. 


All infants were given a total of 24 trials, with the exception of the 
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Ss in Group C2, who received 28 trials. The experimental session lasted 
approximately 15 minutes. 


Results 


Interobserver reliability was determined by computing a separate 
Pearson correlation coefficient, for each S based on 24 pairs of scores, The 
scores were the total fixation time on each trial during the 12-second 
interval of light-matrix stimulation. Since the distribution was markedly 
skewed, each correlation was transformed into a Fisher z’ score. The 
average z' produced an adjusted mean correlation of +.93. This result 
is consistent with that reported by Cantor and Meyers (1965), who, 
using similar experimental and statistical procedures, also obtained a cor- 
relation of +-.93 between observers’ ratings of 5-month-old infants’ 
fixation times. 

All subsequent fixation-time analyses used the mean of the two 
observers’ scores during light-matrix stimulation. Infants within each 
group were split at the median into older and younger Ss. Their mean 
ages in weeks are shown in Table 1. Although Group E1 appears to 


TABLE 1 
MEAN AGES IN WEEKS OF INFANTS IN EACH GROUP 
SS Weeks OF INFANTS IN Елон Group 
© El E4 ES E16 
ime оа. FF „кй 
Old 17.57 21.15 17.38 17.74 18.55 18.48 
Young 13.21 14.64 13.50 12.69 12.07 13.94 
Mean 15.39 17.90 15.44 15.92 15.61 15.91 


contain slightly older Ss, the ages of the infants did not differ signifi- 
cantly across groups, F (4, 55) = 1.17. A 5 X 2 (Groups X Age) analysis 
of variance tested fixation times on the first trial. The only reliable 
difference was between groups, F (4, 50) = 4.29, р < .01. Duncan's 
Multiple Range Test using the .05 level revealed that Ss in Group E4 
fixated on the matrix significantly longer than Ss in Group ES, Group 
E16 or Group C. In addition, Group E1 looked at the matrix significantly 
longer than Group C, but did not differ significantly from E4, E8, o" 
E16. The mean fixation times for control and experimental groups 0П 
the first trial are presented in Fig. 1. 

Fixation times to the light matrix over blocks of four trials were tested 
by a 4X2X 6 (Groups X Age X Trial Blocks) analysis of variance 
with one repeated measure. Subjects in the control group were elimina! 
from this analysis since six of them received a change in stimulus Con 
ditions on trials 21-24, The main effect of trial blocks, F (5, 200) = 
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MEAN FIXATION TIME, seconds 


3 Cc EI E4 Е8 El6 
CONTROL AND EXPERIMENTAL GROUPS 
ON THE FIRST TRIAL 
Fic. 1, Fixation times to the light matrix on the first trial for Groups с (no 
light), Е1 (stationary light), E4 (light moving among four positions), E8 (light 
moving among eight positions), and E16 (light moving among sixteen positions). 


19.93, p < .01, and the Trial Blocks X Age interaction, F (5, 200) = 
3.82, p < .01, were statistically significant. The significant trial blocks 
effect resulted from the tendency of all groups to decrease their visual 
fixations over trials. tial 

The absence of a significant Trial Block Group interaction indicates 
there is no statistical justification for assuming one group decreases its 
fixations over trials more rapidly than another group. The analysis also 
does not support the hypothesis that the experimental groups differed in 
overall fixation time. у 1 

Figure 2 shows the source of the Trial Blocks X Age interaction. In 
the early trials the older infants fixate more than the younger ones, "E 
ever, the slope of the curve is steeper for the older Ss, so that by е 
later trials, the two age groups fixate on the matrix approximately the 
Same length of time. 

Finally, Group E8 was compared with the two control groups, Cl ai 
C2. Group C1 received blinking light which moved among eight matrix 
Positions for the first time on Trial 21. Group C2 was given 8-position 
stimulation for the first time on Trial 24. Since the control groups were 
treated identically for the first 20 trials, they were combined and AA 
against Group E8 on Trials 1-20 by a 2 X 2 X 5 (Groups X Age X Tria 
Blocks) analysis of variance. 
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@ OLD 
© YOUNG 


ю ш 500-4 Qo 


MEAN FIXATION TIME, seconds 


F4 58 942 I316 17-20 21-24 
BLOCKS OF 4 TRIALS 


Fro. 2. Reduction in fixation time over trials as a function of age. 


As is apparent in Fig. 3, Group E8 fixated on the matrix significantly 
longer than the combined control groups, F (1, 20) = 9.98, p < .01 and 
both the control and E8 Ss tended to decrease their fixation time over 
trials, F (4, 80) = p < 01. 

| During light-stimulation Trials 21-24, Group C1 looked at the matrix 
significantly more than C2, F (1, 10) = 13.29, p < .01. However, as soon 
as the blinking light was presented to C2, the difference between the 
control groups disappeared. This is shown by the result that fixation 
times for C1 on trials 21-24 did not differ reliably from those for C2 on 
Trials 25-28, Р (1,10) = <1. In fact, once the control groups were given 
blinking light stimulation, their combined fixation times did not differ 
significantly from those of Group E8 on Trials 1-4, F (1, 22) = «1. 


MEAN FIXATION TIME, seconds 


1-4 5-8 9-2 13-6 17-20 21-24 25-28 
BLOCKS OF 4 TRIALS 
Fro. 3. Comparison of fixation times over trials of the eight-position group with 
the control groups. 


А: 
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EXPERIMENT IL 


Experiment II investigated infants’ changing preferences for the 1-, 4-, 
and 16-position lights. Each infant was shown two patterns of light 
stimulation simultaneously on every trial. This technique resembled the 
usual method of obtaining visual preferences in infants with the exception 
that instead of changing the type of stimulation from trial to trial, the 
same two matrix stimuli were shown on every trial. 

If, from the results of Exp. I, one assumes the 4-position light falls 
at or near the optimal level while the 1-position light falls below it and 
the 16-position light falls beyond it, the following predictions can be 
made regarding infants’ preferences in the second experiment: Group 
(4, 1) should prefer the 4-position light with a possible decrease in 
preference over trials; Group (16, 4) should initially prefer the 4-position 
light, but switch preference to the 16-position light in the later trials; and 
Group (16, 1) should show little preference for either the 1- or 16- 
position light in the early trials but should come to prefer the 16- 
position light in the later trials. 


Method 


Subjects. Thirty-seven infants from well-baby clinics in the Los 
Angeles area were tested in Exp. II. Seven infants had to be replaced 
because crying forced an early termination of the experiment, The 
Temaining 30 Ss were randomly assigned to one of three experimental 
groups with seven infants in each group coming from the Marion Davies 
Children's Clinic at U.C.L.A. and three infants coming from the Santa 
Monien Child Health Conference. The groups each contained five boys 
and five girls. The infants ranged in age from 11.6 to 24.6 weeks, with а 
Mean age of 17.6 weeks. Within each experimental group, 5 Sa. were 


Above and 5 below this mean. 
Apparatus. The apparatus was similar to that d irte 


The infant seat was on top of a desk facing two ing apparatus 
matrices, Four switches were added to the progra À ld а la: 
first experiment. By proper use of the switches, each matrix cou me 
а blinking light which remained in one position only, vane Ше, 
positions, or varied among 16 positions. Tha piraci rer ч 


* i inati f switches. 
changed from trial to trial through coordination of both sets of swi 
The matrices, one of which had been employed in ey os some 
Were placed 3 inches apart on a shelf. They were 24 а X 48- 
and approximately 28 inches from the infant’s eyes. A the shelf and pro- 
Enn black masonite board was ice above а ст Isa 
i : matrices. Other 
led a uniform background for the the edges of the board to 


Were eliminated by black cloths running from 
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the far end of the desk behind the infant seat. Another black cloth hung 
down from the shelf. Two 1 X 14-inch rectangular peepholes were cut in 
this latter cloth 9 inches below the shelf. One was located directly 
between the two matrices; the other was to the infant’s right, 1 inch 
beyond the right-hand matrix. 

One observer viewed the infant through the center peephole and 
recorded visual fixations. With six Ss, а second observer was also 
present, recording fixations from the right-hand hole. The observers held 
two hand switches, one for each light matrix. The pressed the appropriate 
switch whenever the infant fixated on a matrix and neither observer 
could see the flashing lights in the matrices. An Esterline Angus Event 
Recorder indicated observers! responses and the period of stimulation on 
each trial. Event recorder and programming apparatus were placed on 
the floor behind the infant seat and desk. 

Procedure. Infants were randomly assigned to one of the following 
groups: Group (4, 1) received simultaneous presentations of the 4- 
position light and the 1-position light; Group (16, 1) received the 16- 
and 1-position lights; and Group (16, 4) the 16- and 4-position lights. 
The experimenter, who was seated next to the programming apparatus, 
waited until the infant was looking in the direction of the matrices before 
starting the first trial. Every trial consisted of a 12-second stimulation 
period followed by a 4-second intertrial interval, and each S was given 
a total of 24 trials. The pattern of stimulation in the two matrices was 
switched from trial to trial according to a prearranged schedule which 
required each pattern to be presented three times on each side during 
every block of six trials. The order was reversed for half the infants 
in each group. 


Results 


Interobserver reliability was computed from the six Ss who had both 
observers present. As in Exp. І, a separate Pearson correlation coeffi- 
cient was obtained for each infant, based on 24 pairs of scores. The 
scores came from observers’ estimates of fixation time on each trial during 
the 12 seconds of matrix stimulation. Since one observer sat to the right 
of both matrices, his estimates of fixations to the near matrix might be 
more accurate than to the far matrix. For this reason, two correlations 
were calculated for every S, one for each matrix. Adjusting the means by 
use of 2” transformations produced average correlations of .94 for the 
near matrix and .90 for the far one. 

Fixation times to the patterns of moving light and changes in fixation 
times over blocks of six trials are indicated for each group in Fig. 4. The 
data for these curves and for subsequent analyses came from the observe 
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Fio. 4. Changes in fixation time over trials as а function of type of stimulation, 
plotted separately for Group (4, 1), Group (16, 1), and Group (16, 4). 
located between the two matrices, Difference scores between fixation 
ation were obtained from every 8, 


times to the two patterns of stimul 
one score for each block of six trials. The scores in all three groupe were 
the light with fewer position 


computed by subtracting fixation times to 
changes from fixation times to the light with more changes, i.e. 4 minus 
1, 16 minus 1, and 16 minus 4. In every group, Ss were divided at the 
median into older and younger infants. 
A separate 2 X 4 (Age X Trial Blocks 
ence scores was computed for each group of subjects. The results show 
that Ss in Group (4, 1) looked significantly longer at the 4-position 
light than at the 1-position light, F (1, 8) = 1002, р < 05, and Group 
(16, 1) looked longer at the 16-position light than at the 1-position light, 
F (1, 8) = 15.51, р < .05. The difference in fixation times was not 
reliable in Group (16, 4). Neither the age nor the trial blocks effects 
reached statistical significance іп any group: The general finding, then, 
A a light which changes position is fixated more than & stationary 
gnt, 


) analysis of variance of differ- 
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The next analysis compared difference scores in Group (4, 1) with 
those in Group (16, 1). Two questions were asked: First, are the differ- 
ence scores of Groups (4, 1) and (16, 1) unequal; and second, do changes 
in these scores over trials differ for the two groups? The results of the 
2 xX 2 (Groups X Trial Blocks) analysis of variance indicated that, al- 
though the main effect of groups was not significant, there was a signif- 
icant interaction of Groups with Trial Blocks, F (3, 54) = 4.86, p < 05. 
In the early trials, difference scores were larger for Group (4, 1) than 
for Group (16, 1). However, on Trials 19-24, the trend is reversed, with 
larger difference scores for Group (16, 1) than for (4, 1). 

Finally, disregarding stimulus differences, one can also ask whether 
repeated presentations of the blinking lights produce a decrease in 
fixation times; i.e., Do visual fixations habituate over trials? On each 
trial block, infant fixation times to both stimuli were summed, and а 
separate linear trend test was computed for each group. Only Group (4 
1) showed a significant decrease over blocks of trials: F (1,9) =p < 05. 
Fixation times in Groups (16, 1) and (16, 4) displayed little or no 
habituation. 


DISCUSSION 


Results from the first trial of Exp. I generally confirm the prediction 
from several theories of exploratory behavior that an intermediate level 
of stimulus change will produce maximal visual exploration. Infants in 
Group E4, who received the 4-position blinking light, had the longest 
mean fixation time. Other groups, who received matrix stimulation 
involving a greater number of position changes (Groups E8 and E16), 
fixated significantly less. On the other hand, the control group, who on 
the first trial were not even shown a blinking light, also observed the 
matrix less than E4, Group El is more difficult to interpret. Its mean 
fixation time fell between Groups E4 and Е8 and was not significantly 
different from either. One can only speculate whether Group El's true 
mean lies below that of Group Е4. 

One must also be somewhat cautious when comparing the control group 
with the experimental groups. It may be that the added illumination m 
the room produced by a single blinking light increases the general activity 
of the infant, and thereby indirectly increases head and eye movements 
in the direction of the matrix. However, the evidence available on the 
question does not support this interpretation. Early experiments by 
Irwin and Weiss (1934), Redfield (1939), and Weiss (1934) showed that 
as the light intensity increases, the activity level of newborn infants 
decreases. In one experiment where a bright light did increase activity: 


oe 
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the infants frequently turned their heads away from the light source 
(Bryan, 1930). 

A second prediction was that visual exploration of stimuli beyond the 
optimal level should habituate more slowly than exploration of stimuli 
at or below the optimal level. If, based upon the data from the first trial 
of Exp. I, it is assumed that the 8- and 16-position lights fall beyond 
the optimal level while the 1- and 4-position lights do not, then infants 
given the 8- or 16-position lights should have decreased their fixation 
times over trials more slowly than those given the 1- or 4-position lights. 
The results of the first experiment, however, did not support this predic- 
tion, While all four experimental groups displayed a reduction in visual 
fixation over trials, the groups did not decrease their fixation times at 
different rates. 

Furthermore, a reduction in fixation time over trials does not neces- 
sarily indicate habituation. It must also be demonstrated that the re- 
duction was a consequence of repeated stimulations. If, for example, 
an infant gradually fell asleep or gradually became more irritable during 
the course of a testing session, his visual fixations would probably de- 
crease. Since this decrement could quite easily have resulted from factors 
other than repeated presentations of the same stimulus, one could not, 
with assurance, call the decrease an instance of habituation. у 

One сап rule out fatigue in Exp. І оп the basis of the comparison 
between the 8-position group (Group E8) and the control group. On 
Trials 21-24, six members of the control group (Group СІ) received the 
8-position light for the first time. Their fixation times became signifi- 
cantly longer than the other six control Ss (Group C1) who still had not 
been given any light stimulation. Since all 12 infants had been treated 
identically on Trials 1-20, one can conclude the increase in Group Cl 
was the result of light stimulation. This is further verified by the fact 
that the infants in Group C2 also increased their fixation time when they 
first saw the 8-position light on Trials 25-28. If Group E8's decrease in 
fixation time over trials resulted from fatigue, the control Ss should have 
increased only up to the level of E8 on Trials 21-24. Yet, the ш 
presentations of light stimulation for Groups C1 and C2 produce F 
increase in fixation time above that of Group E8 on Trials 21-24 an 
comparable to E8 on Trials 1-4. 

In Exp. II, two of the three predictions regarding preference xc 
over trials were supported. Infants given а stimulus of interme n : 
change paired with one of low change (Group 4,1) showed the greates 
preference for the 4-position light on the early trials, while чоо gen 
the high and low change stimuli (Group 16, 1) exhibited no ds EE 
initially, but a definite preference for the 16-position light on the later 
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trials. The failure to find significant differences in Group (16, 4) is 
puzzling. Perhaps if more trials had been given, the 16-position light 
would have come to be preferred. When the 16- and 4-position lights 
were presented to adults, some commented that they had difficulty dis- 
eriminating between them. The results with infants may have been as 
predieted if а 32- or 64-position light had been used instead of the 16- 
position one. 

Group (4, 1) also tended to habituate fixation times over trials, while 
Groups (16, 1) and (16, 4) did not. Since the total over-all stimulation 
produced by the two blinking lights involved fewer position changes in 
(4, 1) than in the other groups, there was some support in Exp. II for 
the hypothesis that stimuli with high change produce less habituation 
than stimuli with lower change. 

Finally, both Exp. I and Exp. II demonstrate the value of light- 
matrix stimulation in studies of infant exploratory behavior. The moving 
lights are quite attractive to infants and the stimuli can easily be ordered 
along a continuum of stimulus change. There is the additional advantage 
that changes in stimulation are controlled by the experimenter rather 
than the infant. Fowler (1965) assumes that when an organism scans 
a complex pattern, he receives more changes in visual stimulation than 
when he scans a simple pattern. While this may be true for most organ- 
isms, an experiment by Salapatek and Kessen (1966) found that when 
newborn infants were shown a triangle they did not scan the whole figure, 
but looked primarily at one vertex. If complex and simple patterns are 
presented simultaneously, one cannot be certain an infant will be getting 
more changes in stimulation when viewing the complex one. In the experi- 
ments above, however, the more the light moved, the more changes 1n 
stimulation, even if the infant fixated only on one portion of the matrix. 

In conclusion, the present investigation provides some support for eur- 
rent theories of exploratory behavior which assume preference for an 
intermediate amount of stimulus change. The support is not conclusive, 
however. Future research must examine the generality of the present 
results using stimuli other than patterns of moving lights and Ss of dif- 


ferent ages. Only then can the ultimate utility of such theories be 
determined. 
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The Effects of Verbalization on Verbal Discrimination 
Learning and Associative Recall in 
Young Children and Adults! 


L. В. GouLET AND WILLIAM J, HOYER 
West Virginia University 


Groups of fifth-grade and college Ss learned a verbal-discrimination list 
consisting of 12-paired high-frequency words. The lists were learned under 
conditions where Ss were or were not instrueted to pronounce the right and 
wrong items during the feedback exposure period. Following acquisition, 
Ss were given eight trials involving recall of Right-Wrong and Wrong-Right 
associations, 

Rate of acquisition was directly related to age and pronunciation during 
acquisition hindered learning for both fifth-grade and college Ss. Associative 
recall of both W-R and R-W associations was facilitated under the 
pronunciation treatment. However, W-R recall was greater than R-W recall 
for the college Ss, with the reverse being true for the fifth-grade Ss. The 
results were discussed in relation to the frequency theory of verbal-dis- 
crimination learning. 


Overt verbalization or pronunciation of task items has generally been 
regarded as having a facilitative effect on children’s discrimination learn- 
ing. Empirical support for this generalization has been found in tasks 
where children have been given pretraining on naming task stimuli (e£ 
Noreross and Spiker, 1957), and where the children are instructed to 
verbalize the stimulus items during acquisition of a discrimination task 
(Weir and Stevenson, 1959). 

These results are in apparent contradiction to a recent theoretical 
analysis of verbal discrimination (VD) learning (Ekstrand, Wallace, 
and Underwood, 1966) formulated to account for data on VD learning 
in adult Ss. In short, frequency theory suggests that acquisition of single 
VD lists is, in part, a function of the frequency with which right (R) 
and wrong (W) items in a VD pair have been overtly or covertly 
verbalized. The theory assumes that the exposure of the R and W items 

*The writers express their appreciation to Mr. William Cunningham, Principal, 
Monongalia County Public Schools and the teachers of First Ward School for their 
helpful assistance in the conduct of this research. This research was supporte 


USPHS grant MH 13515-02 to the senior author. 
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of a pair adds a frequency unit to each, but that the R item accrues 
additional frequency units during the feedback exposure. Additional fre- 
quency units are added to the R items if rehearsal occurs. Learning is 
assumed to occur because Ss use the differential frequency of R and W 
items as discriminative cues. 

If Ss are instructed to verbalize R and W items during the feedback 
exposures of the pairs in the VD list, frequency units would be added 
to both R and W items, preventing an inordinate increase of frequency 
units to the R items relative to the W items, with a concomitant 
detrimental effect on VD learning. 

The present experiment involved a comparison of VD learning under 
conditions where Ss were or were not instructed to verbalize R and W 
items during acquisition. Kausler and Sardello (1967) and Sardello and 
Kausler (1967) have found detrimental effects of pronunciation when 
adult Ss were used but no data are available from children. In addition, 
the successive and contiguous presentation of the R and W items from 
trial to trial does lead to the learning of R-W and W-R associations, at 
least with college Ss (Sardello and Kausler, 1967). Sardello and Kausler 
found equal amounts of W-R and R-W recall under both verbalization 
and nonverbalization conditions. Again, however, no parallel data from 
children are available. 


METHOD 


Design and Subjects 


The Ss were 32 fifth-grade children and 32 college undergraduates. 
The children were randomly chosen from fifth-grade of a Morgantown 
public school while the college Ss were taken from those enrolled in 
general psychology classes at West Virginia University. All of the Ss 
were naive with respect to verbal-learning tasks. У 

Тһе Ss at each age level were randomly assigned to one of eight 
treatments with the restriction of equal Ns for each block of eight Ss. 
The between-group variables were verbalization (pronunciation of R and 
W items during the feedback exposure or no overt pronunciation) and 
two sets of two VD lists (discussed below) constructed to extend gener- 
alization of results and to control for item and pair difficulty. 


Materials 

A pool of 40 associatively unrelated words was selected from the 
Palermo and Jenkins (1964) word norms. Words of less than three or 
more than eight letters were excluded. The words were then randomly 
Paired to form two different VD lists of 10 pairs each. No pair contained 
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words beginning with the same letter of the alphabet. The correct wor 
in each pair was also selected randomly, and four different serial order 
of the list were constructed for each list to control for serial pos 

cues. In addition, the correct item of each pair occurred in the ri 
and left position twice in the four serial orders, with the restriction that 
five R items were presented in the left position in each order. 


Procedure 


The VD pairs were presented on a Stowe memory drum at a 2:2 
second rate with a 4-second intertrial interval. First the pair appear 
then the drum turned, and the pair appeared again, this time with th 
correct item underlined. Each S was given standard VD instructions. B 
addition, the Ss in the pronunciation (P) treatment were asked to p! 
nounce the items in the pair once each during the feedback exposul 
while those in the nonpronunciation (NP) treatment were not instructed 
to do so. This procedure closely followed that used by Kausler 8] 
Sardello (1967). 

Each S was taken to a criterion of two successive errorless trials 
the VD list which was immediately followed by eight trials involvi 
associative recall of both W-R and R-W associations. During the 
ciative recall trials the Ss were shown either the R or W item of 
pair and were asked to recall the W (or R) item with which it 08 
been paired during acquisition. ; 

Two different lists were constructed for associative recall. For Ё 
first list, five of the W items were randomly selected to serve as stimi 
for W-R recall with the R items from the remaining five pairs servil 
as stimuli for R-W recall. For the second list the direction of recall W 
reversed. This procedure permitted measurement of both W-R and R 
recall for each 8 while also controlling for item or pair difficulty. 4 
items were presented at a 2-second rate in four serial orders during 8 
associative recall trials and no further pairings of R апа W items we 
presented. 


RESULTS AND DISCUSSION 
VD Learning 


List differences were unrelated to the dependent variables and We 
eliminated from all statistical analyses reported below. The mean ©” 
to criterion for the college and fifth-grade Ss in the P and NP 
ments were: College, P: 15.94, NP: 9.69; fifth-grade, P: 26.00, 
17.69. Statistically significant main effects for both age and verba: 
tion were found, Fs (1,60) = 12.38; 8.05, p < .01, respectively. Age 9! 
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rate of learning were directly related and overt verbalization of R and 
W items during learning hindered the performance of both the young 
and older Ss. The Age X Verbalization interaction did not approach 
significance (F « 1). 

The data for VD learning clearly indicate the interfering effects of 
overt verbalization in VD learning for both children and adults. These 
effects closely parallel those obtained by Kausler and Sardello (1967) 
and Sardello and Kausler (1967) who used a VD task and college stu- 
dents as Ss, and also those obtained by Carmean and Weir (1967) who 
used a 10-pair discrimination list with paired-pictures as stimuli. 

The problem remains to explain the facilitative effect of verbalization 
obtained by Weir and Stevenson (1959). In their experiment, Ss were 
required to pronounce the stimulus of their choice for each pair during 
acquisition. This procedure effectively results in verbalization of the R 
item of each pair with this effect increasing as performance exceeds the 
baseline for guessing or chance level (e.g, Ekstrand et al.), Carmean 
and Weir, using college Ss, did find that pronunciation of R items alone 
did facilitate discrimination learning. The present results and those of 
Carmean and Weir (1967) and Weir and Stevenson (1959), are in accord 
with frequency theory and suggest that the theory may account for 
performance differences in VD learning in children as well as adults. 


Associative Recall 


Table 1 presents summary data for W-R and R-W recall for each 
treatment and at each recall trial. Consistent with the results of 
Sardello and Kausler (1967), verbalization facilitated the recall of both 
W-R and R-W associations, F (1,60) = 11.82, p < 01. There were no 
statistically significant age (F <1), Reeall-Direction (ie 1.91), nor 
Trials (F = 1.25) main effects. However, à statistically significant Ver- 
balization X Recall-Direetion interaction was obtained, P (1,60) = 4.62, 
р < .05. This interaction may be attributed to the disproportionate facil- 
itation of R-W recall relative to W-R recall under the Р. treatment. 
This effect was most apparent for the fifth-grade children, 1.¢., W-R 
recall was greater than R-W recall for the college students under both 
P and NP treatments, and for the fifth-grade Ss under the NP treat- 
ment. However, R-W recall slightly exceeded W-R recall for the children 
under the P treatment. The Age X Reeall-Direction x Verbalization in- 
teraction however, did not approach statistical significance, (F< D. The 
Age X Trials interaction was statistically significant, Ё (7,420) = 3.65, 
P < 21. As may be seen from Table 1, the college Ss are initially better 
in recall than the children. However, the performance of children in- 


creased over the eight trials, while that for the college Ss showed a slight 
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TABLE 1 
Mean W-R anp R-W Recaut rog Ercut TRIALS 


Fifth grade: Trials 


1 2 3 4 5 6 7 8 
Pronunciation 
R-W 2.12 2.37 2.44 2.56 2.62 2.56 2.00 2.4 
W-R 1.56 1.69 1.87 1.87 1.87 1.94 2.31 1.87 
Nonpronunciation 
R-W 1.06 1.56 1.31 1.37 1.37 1.31 1.37 1,31 
W-R 1.19 1.25 1.62 1.44 1.69 1.50 1.56 1.81 
College: Trials 
1 2 3 4 5 6 7 8 
Pronunciation 
R-W 231 92.25 2.397 2.44 2.25 2.25 2.44 28i 
W-R 3.00 2.88 2.56 2.62 2.62 2.75 2.88 210 
Nonpronunciation 
R-W 1.06 .88 .88 .94 1.00 1.00 .88 .88 
W-R 1:50 I 62 162 1,86. 1.75 — 1.000008 


decrease. It is likely that the differences in recall at Trial 1 are due {0 
differences in performance rather than to differences in degree of learn- 
ing. That is, the performance of children was probably disrupted 0n 
Trial 1 by the relatively fast, paced-rate of the recall task. No other 
interactions exceeded 1.06 in this analysis. 

The data relating to associative recall are somewhat in conflict with 
those of Sardello and Kausler (1967). These authors found equal recall 
of W-R and R-W associations under both P and NP conditions while 
the present data indicated greater W-R than R-W recall under these 
treatments. These differences may be attributed to the paced conditions 
used in the present study as compared to the unpaced recall period use 
by Sardello and Kausler. 

Finally, Spearman rho correlations were computed separately between 
the number of trials in acquisition and total associative recall ove? the 
eight trials for each of the age and verbalization treatments. None ? 
these correlations exceeded .34. However, even with the lack of statisti- 
cally significant correlations the direct comparisons of associative rec 
between ages should be interpreted with caution because of the varying 
numbers of trials to criterion among groups in acquisition. The primary 
concern here is with the relative strengths of R-W and W-R association 
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as а function of the verbalization treatments and the differential effects 
for each age group. 
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Adults as Discriminative Stimuli for Different 
Reinforcement Contingencies with 
Retarded Children! 


WILLIAM Н. REDD AND J. S. BIRNBRAUER 
University of North Carolina at Chapel Hill 


One adult dispensed food and praise for play behavior, while a second 
adult reinforced the retarded children in a group setting on a noncontingent 
fixed interval schedule. Two children were selected as targets for individual 
analysis, The entry of the contingent adult evoked play; the noncontingent 
adult did not influence behavior. After extinction, the adults reversed roles. 
Conditioning was replicated, supporting the conclusion that contingent re- 
inforeement outweighed the other differences between the two adults (sex, 
familiarity, status, etc.). Four subsequent tests of one S were conducted to 
evaluate the generality and strength of control. The adults acquired dis- 
criminative properties when paired with specific reinforcement contingencies. 


JOURNAL OF EXPERIMENTAL CHILD PSYCHOLOGY 7, 440-447 (1969) 
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Baumrind (1966) has specified three child rearing roles that parents 
typically assume (authoritarian, authoritative, or permissive) and has 
enumerated child behavior which is associated with each role. Parents 
have also been characterized by the form of diseipline they employ. 
Sears, Maccoby, and Levin (1957) have similarly suggested that the 
form of discipline the parents employ is correlated with particular gross 
behavior patterns of the child. Thus, one might expect a child's behavior 
to be in part a function of the disciplinary routine that his parents 
follow. If his parents do not follow the same routine, he should show 
discrimination between them. The disobedient child who is a terror fo! 
his mother may become quiet and manageable when his father returns 
home from work. The adults could be considered as cues or signals for 
the child that certain disciplinary rules or contingencies are in effect, 


"This research was supported in part by NIMH Project Grant MH 14914. p 
authors express their appreciation to Ann M. Gardner, Eileen G. Grennam E 
Carol A. Trageser for their assistance in conducting this research. This study would 
not have been possible without the cooperation of Julia Lawler and the boys 
cottage parents. 
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Thus, the child comes to respond differentially to adults depending upon 
the rules that the adults have enforced in the past. 

McCoy and Zigler (1965) as well as Berkowitz and Zigler (1965) have 
examined the effectiveness of social reinforcement within a given experi- 
mental situation as a function of prior adult-child interaction. The 
general conclusion is that the familiar adult with whom the child has 
experienced positive interaction is the more effective agent of reinforce- 
ment, Socioeconomic status (Sgan, 1967), sex, and race (Allen, Duban- 
oski, and Stevenson, 1966) of both the child and the agent of rein- 
forcement have also been found to be important determinants of the 
agent’s effectiveness. 

The parent’s role as an agent of both tangible and social reinforcement 
has been discussed by Bijou and Baer (1965). They suggest that aspects 
of the parent’s behavior, as well as the parent himself, become not only 
conditioned reinforcers for the child but also cues or discriminative 
stimuli. The adult comes to control the behavior of the children in 
accordance with the particular reinforcers and regimes of reinforcement 
he employs. One would expect his entrance or exit to “turn on” or “turn 
off” the children’s responding. In order to investigate the stimulus control 
that adults might acquire through association with certain behavior 
requirements, we paired adults with different contingencies and compared 
the children’s behavior when these adults were present. An adult who 
required the child to emit a particular response jn order to receive 
candy and praise was compared with an adult who dispensed candy and 
praise without regard to their behavior. Hart, Reynolds, Baer, Brawley, 
and Harris (1968) found that adult social reinforcement of cooperative 
play of a 5-year-old girl in a preschool setting resulted in а significant 
increase in cooperative play only when reinforcers were dispensed con- 
tingently. Noncontingent reinforcement (reinforcement without regard to 
S's behavior) did not result in any change over baseline. In their study, 
the same adults functioned as agents of both contingent and non- 
contingent reinforcement. After baseline data was obtained, all adults 
reinforced noncontingently for 7 consecutive days and then contingently 
ior 12 days. If, however, certain adults had always reinforced con- 
tingently and others always noncontingently, We wondered how the 
children would come to respond to these adults. Would responding change 
when these adults entered and left the room? ed 

A multiple baseline design (Ferster and Skinner, 1957) was dd oye 
in this study. All experimental conditions Were included in each session, 
rather than the more common design in which baseline data and ex- 
perimental data are collected during different days. 
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METHOD 


Subjects 


Ten severely retarded boys, residents of Murdoch Center, Butner, 
North Carolina, were divided into two play groups. CA’s ranged from 
12-3 to 15-9 and MA’s from 2-10 to 4-8. All boys were selected from 
one ward and assigned to groups based on similar capability and be- 
havior in a free play situation. One boy from each group was selected 
as a target subject for individual analysis. S1 (CA 15-9 and MA 3-6) 
had a diagnosis of mental retardation associated with psychotic or major ' 
personality disorder. His social and play repertoires were extremely 
limited. He spent most of his free play time on the ward sitting alone 
on the floor, refusing to play or interact with other children. 82 (CA 
14-8 and MA 4-4) had the same diagnosis as S1, but schizophrenia was 
specified, On the ward he usually engaged in simple tasks or solitary 
play, avoiding any interaction with other children, The target Ss were 
selected because they showed stable patterns of responding in the experi- 
mental playroom during preliminary sessions. 


Setting and Procedure 


The study was conducted in a 16 X 25-foot room which was equipped 
with selected toys (balls, blocks, skate boards, and trucks). These toys 
were always present in the room. Across one corner of the room 4 
partition with а one-way vision sereen provided an observation booth. 

Throughout the experiment two observers stationed behind the one 
way vision sereen recorded the behavior of the target S once every 
2% seconds. Since the repertoires of the target Ss were very limited, 
recording was simple. The observers recorded whether S1 was sitting 07 
standing and “playing,” and they recorded if S2 were engaging M 
“cooperative play.” The criterion for standing and “playing” was that 8 
was on his feet and moving a toy. Cooperative play was defined 88 
moving or manipulating a toy with another child. After the observers 
were trained, the inter-rater percentage of agreement was computed on 
four separate occasions. Calculations were based on comparisons of 324 
observations, and 94 percent was the lowest value obtained. 

Each session was divided into three conditions—baseline, contingent 
reinforcement, and noncontingent reinforcement. The procedure for both 
target Ss is summarized in Table 1. The response selected for exper 
mental manipulation was the only difference in the treatment of the 
target Ss. 

At approximately the same time 4 days a week, the target S and four 
other boys from his ward were taken to the playroom by the two 
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TABLE 1 
OUTLINE or EXPERIMENTAL SESSIONS 
Period Procedure Minutes 
Baseline Five Ss present in the playroom with no adult. 5 
Contingent Adult I dispensed reinforcers contingent upon S's 5 
behavior on a FI 45 seconds with a limited hold of 15 
seconds. 
Baseline Five Ss present with no adult. 2 
Noncontingent Adult II dispensed reinforcers once every 60 seconds 5 
without regard to S's behavior. 
Baseline Five Ss present with no adult, 2 
Contingent Adult I dispensed reinforcers contingent upon S's 5 
behavior on а FI 45 seconds with а limited hold of 15 
seconds. 
Baseline Five Ss present with no adult. 
Noncontingent Adult II dispensed reinforcers once every 60 seconds 
without regard to S's behavior. 
5 


Baseline Five Ss present with no adult. 


experimenters. The boys were left alone in the room for 5 minutes. Then, 
either Adult I (a female) or Adult II (a male) entered the room with 
a reinforcer cup and a stopwateh in his hand and followed the pre- 


scribed routine, In order to check for possible sequence effects, the order 


in which the adults entered the room was varied. Adult I, the contingent 


adult, dispensed reinforcers to each S only when he was engaging in $e 
target behavior. Adult II, the noncontingent adult, reinforced Ss without 


regard to the children's behavior, While in the playroom the adults 


moved about quietly and only spoke to the Ss when reinforcing them. 
Eo E Y itle forcers (М & М», bites of ice 


Both adults used the same edible rein 
oe “good boy,” “that’s right,” ete. with 
every edible given. During the beginning conditioning sessions the con- 


tinge i d approximations of the target be- 
ingent adult prompted and reinforee pp ds Пай E 


of 15 seconds. The prompts were faded out an pi 
programed. The interval was lengthened gradually until the kd I 
reached. Adult II matched the number ie reinforcers that. Adul is- 


ensed. to the 
pensed. When Adult I moved DE Adults dispensed the same 


force ds. E 
та. one ere r difference was that Adult I's reinforcers 


number of reinforcers; the only 
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were dispensed contingently and Adult II's were dispensed noncon- 
tingently. 

After S responded differently to the adults’ entries, 1.е., emitted the 
target behavior within the first 45 seconds, etc., for three successive 
sessions, extinction began. During extinction each adult entered the room 
on schedule but withheld reinforcement from the target S. After stable 
responding was established for three consecutive extinction sessions, the 
adults reversed roles. During reversal sessions, Adult I dispensed rein- 
forcers without regard to S’s behavior, and Adult II dispensed rein- 
forcers contingently. 


RESULTS 


The criterion for conditioning, i.e., differential response to the adults’ 
entries for the three successive sessions, was met by Sl in 16 sessions 
and by S2 in 28 sessions. The cumulative records of these sessions, 
plotted in Figs. 1 and 2, show that each S emitted the target behavior 


—— Reversal Session No. 20 


es Nol Recorded 


STANDING 


BI € BI NC ВІ € BI NC BI 
3 Min 3Min 2Min 3Min 2Min 3Min 2Min 3Min 3Min 


T Conditioning Session No. 1 
чоон Conditioning Session No, 16 


CUMULATIVE UNITS 


Baseline Contingent | ВІ INoncontingent] ВІ Contingent | ВІ INoncontingent' Baseline 
5 Min 5 Min 2Min — 5 Min 2 Min 5 Min 2Min — 5 Min ا‎ 


Fic. 1. Criterion data for S1 obtained during each phase of the study. Data was 
not recorded during observer breaks. 
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CUMULATIVE UNITS COOPERATIVE PLAY 


Baseline [Contingent BI INoncontingent| ВІ Г Contingent IBI INoncontingent Baseline 

5 Min 5 Min 2 Min $ Min 2Min 5Min 2Min 5 Min 5 Min 

Еш. 2. Criterion data for S2 obtained during each phase of the study. “Not 
recorded” refers to 1-minute observer breaks. 


only when the contingent adult was present, and that this behavior was 
controlled by the adult’s entry and departure. During the first, condi- 
tioning sessions the target behavior was much less predictable and 
oceurred considerably less frequently in the case of 82. With extinction 
programed, the presence of either adult had no effect. Conditioning was 
replicated with the adults in reversed roles, supporting the conclusion 
that contingent reinforcement outweighed the other differences between 
the two adults (sex, familiarity, status, ete.). 

Sequence of periods had no effect. Several subsequent tests of S2 were 
conducted. (a) Five other adults entered with the stopwatch and rein- 
forcement cup. None evoked cooperative play despite their reinforce- 
ment of the other children in the room. (b) The contingent adult entered 
with the noncontingent adult. (It was as if the noncontingent adult, were 
not present.) S2 played cooperatively. (c) The experimental sessions 
were conducted on S2’s ward. The change in locale had no effect. (d) 
The contingent adult entered the playroom without the reinforcement 
cup. The appropriate behavior did not occur. Control of the target 
behavior was specific to the currently contingent adult, provided that he 
was carrying the reinforcement cup. 


DISCUSSION 4 
The experiment demonstrated that ап adult who dispensed reinforcers 


contingently acquired discriminative properties and functioned ав а cue 
which influenced the play behavior of the children. The children did not 
change their behavior when the noncontingent adult entered, and, in 
fact, they ignored him. When both adults entered the playroom together, 


the target children played appropriately. This showed that the non- 
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contingent adult had no effect on the contingent adults control, and | 
that it was the contingent adult who influenced the children's behavior. 

The contingent and noncontingent adults correspond to a mother and | 
a father, one of whom rewards the child only when he acts as the 
parent wishes and the other of whom rewards the child regardless of 
his behavior. The presence of both adults is analogous to the family 
situation in which both types of parents are present. In addition, studies 
such as the present one could lead to a better understanding of the 
processes involved in children’s reactions to adults who differ in age, 
socioeconomic status, and other subject characteristics. 

The effects of specific behavior modification procedures with single 
subjects have been evaluated most commonly with a “reversal” design. 
A particular procedure is employed until a stable pattern of responding 
is achieved, followed by a second procedure, ete. If the behavior waxes 
and wanes in correspondence with the conditions imposed, then the 
procedure, not the passage of time, Hawthorne effect, etc., is credited 
with the outcome. In the study reported here, the utility of employing 
a second design, multiple schedule baseline, has been demonstrated. 

The multiple schedule baseline method is more reliable and economical 
than the reversal approach. Within every experimental session control 
and experimental measures are recorded by the same observers in close 
temporal proximity. Hach session is divided into periods such that each 
session consists of all phases of the experimental manipulation. The 
potentially confounding effects of extra-laboratory events and of passage 
of time on experimenter and observer consistency are reduced. Thus, 
changes in S's behavior can be more readily attributed to intra-session 
manipulations than to extraneous variables. 
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Recognition Memory for Pictured and Named Objects 


GRAHAM M. Davies! 
University of Aberdeen, Scotland 


Kurtz and Hovland (1953) and others have shown that children who 
name objects at presentation show superior retention for the material 
relative to Ss who do not. The conventional explanation for this effect is 
that it reflects the superior potency of the word as a carrier of sense 
impression compared to nonverbal forms. In the present experiment, type 
of stimulus (picture/name) and type of response (find picture/name) were 
systematically manipulated and the effects on subsequent recognition per- 
formance ascertained. Results suggested that, for Ss in the age range tested 
(81-10% years), a version of the trace modality hypothesis, (Wallach and 
Averbach, 1955) may provide a more satisfactory interpretation of this 
phenomenon, than a theory based on verbal potency. 


Investigations into the role of naming in the discrimination and 
retention of perceptual stimuli by children, have generally utilized non- 
sense shapes rather than meaningful objects (e.g., Spiker, 1956; Kata, 
1963). “Meaningful objects” may be defined as stimuli with which the 
S is familiar, and for which an appropriate verbal label is readily avail- 
able. While the interpretation of the facilitatory effects on the retention 
of nonsense shapes following labeling practice, is a matter of considerable 
dispute, the erities are more united in their interpretation of similar 
results with meaningful material. Naming an object, it is argued, causes 
it to be lodged in a superior coding system which preserves it from the 
rapid decay of the visual “image.” 

Evidence for such a viewpoint is derived from two sources. Firstly 
there are the unsystematie and anecdotal observations of early 1 
searchers, who noted that when Ss were asked to memorize the details 
of a perceptual array, those Ss who later reported verbalizing the main 
features to themselves at the time of observation, tended to retain the 

1 This paper describes work carried out at the University of Hull where the author 
was in receipt of a Post-Graduate Research Studentship awarded by the Social 
Science Research Council. I wish to thank Prof. A. D. B. Clarke and Dr. A. 
Clarke for valuable assistance and guidance at all stages of this investigation. Ia 
wish to acknowledge the generous research facilities afforded me by Mr. Т. Clark, 
Chief Education Officer for the East Riding of Yorkshire, the co-operation of the 
staff and pupils of Brough and Willerby primary schools and the technical 88 
sistance of Mr. B. Marshall and Mr. J. Devine. 
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material better than Ss who claimed to rely on visual imagery and the 
like (Kuhlmann, 1907; Bartlett, 1932; Jenkin, 1935). A second source 
for such a view is an experiment by Kurtz and Hovland (1953). In this 
study, children aged 10-13 years, were successively exposed to a series 
of common objects. Half the Ss were required to circle the name of each 
object in a list of alternatives, while for the rest of the Ss, the required 
response was to circle a picture of each object, on a photograph of all 
the objects grouped together. In addition, the Ss who found the names of 
the objects, said each name aloud as they circled it. A week later, the 
children were unexpectedly tested for their knowledge of the items 
presented. In terms of simple recall, the Ss who had named the objects 
remembered a significantly greater number of items and gave significantly 
fewer instrusions than Ss who had matched each object with a picture. 
The children were also given a recognition test in which half the material 
appeared as pictures and half as names. Although Ss in the object-nam- 
ing group made significantly fewer errors on this task than the other Ss, 
they failed to score significantly higher in terms of total number of items 
correctly identified, and actually recognized insignificantly fewer items 
on the picture portion of the recognition test. Despite the somewhat 
equivocal nature of the results and some ambiguities of design, this 
experiment has been frequently hailed as demonstrating: “The superior 
potency of a word as a carrier of sense impression . . . even when the 
experiment is designed so that an equal amount of attention is paid to 
the stimuli in initial learning" (Carroll, 1964, pp. 95, his italics), or 
again as “, . . fairly good evidence that verbalisation facilitates retention 
over fairly long intervals more than visualisation does" (Reese, 1965, 
р. 291). 

These interpretations seem based on two suppositions, firstly, that 
the advantage of the naming group lay in the possession by Ss of а list 
of names as such for the objects presented, and secondly, that the photo- 
graph-matehing procedure led to the laying down of nonverbal “visual 
images,” while naming did not. This explanation will be hereafter referred 
to as the verbal potency hypothesis. Loc 

However, these assumptions seem somewhat premature in view of the 
failure of the design to discriminate between the direct and indirect 
effects of naming. This problem has been seen as increasingly important 
since the publication of the experiment (see, for instance, Erickson, 1967, 
рр. 121-142). Kurtz and Hovland themselves put forward two hypotheses, 
both of which rely on the indirect benefits of labeling to retention. One 
suggestion was that the result might be a function of the overt nature 
of the naming response. It was, perhaps, unfortunate, that a their 
design, the authors failed to control for the effects of giving an object 
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a name as such, and the effects of repeating that name aloud. Their 
alternative suggestion was that naming an object served to direct the Ss 
attention toward more distinetive features of each stimulus, than did 
matching each item with its likeness. Successful naming required precise 
identification of each object, whereas matching an object to a picture 
could be achieved purely on the basis of size, shape, shading, or general 
conceptual eategory. However, as Wallach and Averbach (1955) pointed 
out, this latter theory should predict that the pieture-matching condition 
should give inferior recognition scores to the naming condition on the | 
picture section of the recognition test, as the more general cues which 
sufficed for the matching task could only lead to interference in the test 
situation. As mentioned previously, this predicted inferiority was not 
present. 

After an extensive review of the experiment, Wallach and Averbach 
put forward a third suggestion, based on Gestalt theories of memory. 
They argued that memories are not retained in a common intersensory 
store but are specific to the modalities in which they are received. Wal- 
lach and Averbach were primarily concerned with sensory modalities 
(e.g., auditory, visual) but in order to cope with Kurtz and Hovland's 
data, they postulated the existence of symbolic modalities, specifically, 
visual nonverbal and verbal. They suggested that naming the objects 
led to the laying down of both visual and verbal traces of the event, 
whereas matching an object with a picture left only a visual trace. Recall 
could be considered a simple function of the number of trace modalities 
in whieh an item was encoded. Recognition, on the other hand, could 
take place only if the form of one of the stimulus traces encoded by the 
S matched the mode of presentation of the recognition material. Thus 
the picture-matching group would perform on equal terms with object- | 
naming group on the picture section of the recognition test, but would be | 
handicapped on the name section through lack of available verbal traces 
The only verbal traces available to picture-matching Ss would be thos? 
which arose through chance overt verbalization during the presentation 
task and hasty conversions from visual to verbal traces during the 
actual recognition session. Wallach and Averbach’s explanation (hereafter 
referred to as the trace modality hypothesis) fits the data very well, but 
failed to arouse experimental interest at the time of publication. 

Since the appearance of these reports neither the modality redundancy 
nor the verbal potency hypotheses, seem to have been satisfactorily teste 
least of all in the context for which they were originally formulated, 
that is with children memorizing familiar objects. The present experi- 
ment uses a modification of the Kurtz and Hovland paradigm, in an & 
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tempt to discriminate between the direct benefits to retention derived 
from possessing an item encoded as a name as such, and any indirect 
benefits springing from the act of naming, such as trace modality theory 
suggests. 

Four conditions of presentation were used. In the name-matching con- 
dition (referred to as NN), Ss were shown a series of names of objects 
and were required to find each name in a list of names. In the picture- 
matching condition (PP), Ss were shown a set of pictures of objects and 
were required to locate each object on a large photograph of all the 
objects. For the picture-naming condition (PN), the same set of photo- 
graphs were used, but this time the S found the names of each of the 
items shown. The reverse of this was the name-picturing condition (NP), 
where Ss were shown the names of the objects and had to find each 
object in the large group photograph. The PP and PN conditions were 
similar to Kurtz and Hovland's picture matching, and object-naming 
groups, respectively. 

It was predicted from verbal potency theory that if the word as such 
was the important element in the naming procedure, then the NN con- 
dition should lead to superior retention compared to the PP condition, 
and should show equal performance to PN and NP, on a recognition task 
involving equal amounts of both picture and word material. On the basis 
of the trace modality hypothesis however, rather different results would 
be expected. Firstly, as recognition is specific to the modality in which 
an item is encoded, Ss in the NN condition should show a significantly 
greater score on the word section of the recognition task relative to the 
picture section, while the opposite tendency should be present in the 
results from PP. Secondly, as retention is a function of multiplicity of 
encoding modalities, then conditions involving the laying down of both 
visual and verbal traces at presentation (ie. PN and NP) should Se 
superior performance on the recognition task compared to conditions 
Where visual or verbal traces alone were present (ie, PP and NN). 


METHOD 


Subjects. Seventy-two children aged between 915 and 1015 years and 
drawn from two local primary schools served as subjects. They were 
assigned to one of four groups on the basis of age, вех, and error js 
оп the Raven Progressive Matrices Test (Raven, 1956). Children who 
Were considered by their teachers as being unable to read, or whose score 
on the Matrices Test placed them in the 25th percentile or below, were 
excluded from the experiment. Each group corresponded to one of the 
four conditions of presentation. All groups contained nine boys and nine 
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girls. Age and error score data for the groups of children selected are 
Shown in Table 1. An analysis of variance of this data gave Ё values 
<1 for all comparisons. 


TABLE 1 
MEAN Ace IN MONTHS AND ERROR Score on THE Raven MATRICES TEST 
FOR Ss IN THE Four PRESENTATION GROUPS 


Presentation 
condition РР NN PN ХР F 
N 18 18 18 18 
Mean age (months) 108.3 108.2 107.4 109.4 <1 
Mean errors 8.1 7.8 8.0 7.9 <1 


Materials. Two types of material were needed for the presentation 
task, packs of stimulus cards used by the E and response arrays for the 
S. There were two different packs of stimulus cards, one set showing the 
names of common objects and the other showing pictures of the same 
objects. Each pack was made up of twelve 5 X 5-inch cards. A photo- 
graph of a different common object was shown on each card of the picture 
pack. The cards in the name pack showed the names of each of the 12 
chosen objects, one to a card. Corresponding to these two packs were 
the name and picture response arrays. The name array showed all 12 
names together on one card, arranged in three rows of four words each. 
The picture array consisted of a photograph of the 12 objects, similarly 
grouped. Hach array measured 15 X 10 inches and was encased in a cleat 
perspex wallet for the duration of the experiment. ; 

The 12 items chosen for the presentation task were selected for their 
familiarity to the Ss and the ease with which they could be unambigu- 


ously labeled. The items selected were: giraffe, gun, comb, toothbrush, | 


compasses, pen, pipe, car, apple, nail, scissors, and saucer. 

In the manufacture of the presentation material an attempt was made 
to control for stimulus intensity by roughly equating the size of type 
used for the “name” material to the size of the stimulus objects 1# 
produced in the “picture” material. s 

For the recognition task, the 12 original stimuli were mixed with 12 
new items, which were selected on the basis of their degree of association 
with the originals. Original stimulus item “comb,” for example, could be 
confused with “brush” in the recognition task, “apple” with “orange, an 
so on. : dé 
Two sets of recognition material were prepared, each set being ® E 
up of a name and a picture-recognition array. The picture recog” 14 


| 
Y 


— 


array showed half the original objects interspersed with half the new |. 


MEMORY FOR NAMED OBJECTS 453 


confusing objects, while the name array showed the remaining old and 
new items, this time as words. In appearance and format, the recognition 
arrays resembled the response arrays used for the presentation task. The 
two sets of material differed in that one was a counterbalanced version 
of the other, such that items appearing as pictures of objects in one set 
appeared as names in the second and vice versa. 

Procedure. For the Presentation Task, Ss were seen individually and 
in a random order with regard to condition. Experimenter and S sat 
opposite each other across a low table, with the response array face- 
down in front of the S. The E told the S they were going to play “a 
matching game"; everytime the E showed him a stimulus card, he was 
to locate and point to the corresponding word or picture on the response 
array in front of him. Subjects in all groups were cautioned against 
covert verbalization. The E then turned over the S's response array and 
the presentation task commenced. The E picked up the appropriate pack 
of stimulus cards and showed each card in turn to the child, pausing 
after every card for the S to make the correct response. 

Ss in all four groups found little difficulty in mastering their respective 
response procedures. At the completion of the task, Ss were congratulated 
on their performance and no intimation was given that a test of retention 
would be carried out at a future date. 

The Recognition Test was administered four days later. Once again 
Ss were seen individually and in the same order. The Æ reminded the S 
of the “matching game” they had played previously and then presented 
him with one of the two sets of recognition arrays. The set of recognition 
material used, and the position of the picture and name components of 
each set relative to the S, were systematically alternated between Ss. 
The E then handed the S a felt pen and asked him to ring the 12 items 
he had seen previously. Ss were restricted to 12 choices, half to be taken 
from the name array and half from the picture array. This latter pre- 
caution was necessary to ensure that Ss in the NN and PP groups did 
not bias their choices overwhelmingly toward the form of the material 
with which they were familiar, a tendency shown by some Ss in pilot 
work. When the child had completed the task, irrespective of the level of 
success, the child was told he or she had “done well’ and was sworn to 
Secrecy as to the nature of the recognition task. This precaution against 
contamination seemed to have been successful as few Ss evidenced fore- 
knowledge of the nature of the task in their performance. 


RESULTS 


The data from the two schools were amalgamated after comparisons 
to ensure that both samples could be treated as being drawn from a 
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common population. Mean items correctly recognized on the name and 
picture sections of the recognition task, arranged according to method of 
presentation of the original stimuli are shown in Table 2. 


TABLE 2 
MEAN NUMBER OF Correct CHOICES ON THE PICTURE AND Na ECTIONS OF THE 
RECOGNITION Task ror Each CONDITION ОЕ PRESENTATION? 


Condition 
NP PN РР NN 
Section 
Picture 5.56 5.00 5.00 3.44 
Name 5.22 5.06 4.06 4.67 
Tukey comparison of mean total recognition scores 
Mean 10.78 10.06 9.06 8.11 
NP = ns <.01 <.01 
РМ — «.05 «.01 
PP ‚ — «.05 
NN = 


^ Each mean based on 18 cases. The maximum possible score for each section of the 
recognition test was 6. 


A two-way analysis of variance was computed from these data using 
method of presentation and the form of recognition material as mam 
effects. This produced a highly significant effect for variations in presen- 
tation method (F = 12.32, df = 3/128, р < .001). Although the "name 
and “picture” recognition material did not differ in their relative effec- 
tiveness in facilitating performance overall (Е = .55, df = 3/128, №), 
this result concealed wide discrepancies in relative score on the two types 
of recognition material for different, groups, as evidenced by the significant 
interaction for presentation method with recognition task (F = 32b 
ај = 9/128, р < .01). 

The significance of differences between total mean scores ОП the 
recognition test for the four presentation groups were examined using 
Tukey's method. The results of this analysis also appear in Table 2 
While PN and NP do not differ in terms of total items recognized, both 
show significantly greater scores than NN and PP. In turn, PP show? 
significantly superior performance to NN which has the lowest mea? 
score of all. 

There is however, considerable support for the views of Wallach and 
Averbach. The first hypothesis is confirmed. Subjects in the NN and E 
conditions score more highly on the type of recognition material wit 
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which they were familiar from the presentation task. On examination the 
significant interaction between presentation method and recognition task 
is found to be almost wholly due to differences in relative score on the 
two parts of the recognition test by Ss in the PP and NN conditions. 
Children in NN scored significantly higher on the name section of the 
recognition test, relative to the picture section (t = 2.54, df = 34, p < 
.02), while precisely the reverse occurs in PP where Ss score relatively 
higher on the picture material (t = 3.30, df = 34, p < .01). Support for 
the second hypothesis is more equivocal. PN and NP are certainly 
significantly superior to NN and PP in overall score, but much of this 
superiority seems to represent the failure of these latter two groups to 
score well in the unfamiliar mode of their respective recognition tasks. 
The crucial test for a redundancy interpretation is that the mixed 
modality groups should be superior to the single modality groups even 
when familiarity with type of material is controlled. Separate Mann 
Whitney U tests were employed to compare PN and NP with PP on 
pictures and with NN on names respectively. The results suggested that 
while the picture and name presentation conditions were not superior to 
the picture only conditions in the picture material (Z = 1.04, NS), they 
did show such a superiority over the name only conditions in the name 
material (Z = 1.78, p < .04, one tail). Neither of the hypotheses derived 
from verbal potency theory are supported. Subjects in the NN condition 
not only fail to perform as well as those in PN but also give significantly 
fewer correct recognitions than PP, where verbal potency theory should 
have predicted exactly the opposite outcome. , 

As responses were restricted to 12 per S, errors were a simple inverse 
function of correct identifications, and are consequently not analyzed 
Separately, 


DISCUSSION 


The results reported here are in agreement with those of Kurtz and 
Hovland in showing that Ss who attach the correct names to objects sub- 
sequently recognize them more efficiently than Ss who match each of the 
same objects with its likeness. However, the data from the NN and NP 
groups suggest that any interpretation of this result in terms of the 
word as a necessarily superior coder of sense impression is, at least, an 
oversimplifieation. On the other hand, the data do provide a measure of 
Support for Wallach and Averbach's trace modality explanation. There 
is evidence for their first supposition, regarding trace modalities, in that 
Ss experience difficulty in identifying stimuli shown ina different symbolic 
mode from that used at presentation. But there is only partial support 
for the second part of their hypothesis, that trace modalities combine 
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additively to facilitate retention. The failure of PP to show significantly 
inferior performance to PN and NP on the picture section of the recog- 
nition task was also noted by Kurtz and Hovland, who did however find 
such a difference in terms of errors. The failure of both experiments to 
find such a difference on a measure of correct identifications, may reflect 
the opportunities open to Ss performing the PP task to covertly 
verbalize at least some of the names of the objects, thus ensuring suf- 
ficient trace redundancy to obscure any significant inferiority for this 
group, in comparison to PN and NP on picture recognition. There is sup- 
port for this explanation in the otherwise unexpected finding that PP 
showed significantly superior retention to NN. 

The present results also dispose of two ambiguities arising from the 
Kurtz and Hovland study. Firstly, overt verbalization by Ss in PN is not 
a necessary prerequisite for the occurrence of the naming effect, though 
there is some evidence that the effect is marginally enhanced if Ss are 
required to do so (Rosenbaum, 1962). Secondly, the failure of Kurtz and 
Hovland to differentiate PN from PP on overall recognition performance 
as opposed to recall does not reflect some basic difference between the two 
processes as Arnoult (1956) has proposed, but rather the low ceiling level 
of the recognition task for their Ss. 

Prompted by the frequent finding that serially presented pictures of 
objects are retained better than names of the same objects (Kirkpatrick, 
1893; Calkins, 1897; Herman, Broussard, and Todd, 1951; Epstein, Rock, 
and Zuckermann, 1960; Shepard, 1967), Jenkins, Neale, and Deno (1967) 
have proposed two more sophisticated versions of the verbal potency 
hypothesis. However, they seem to fit the present data no better than the 
straightforward version tested here. Their first suggestion is that pictures 
of objects provoke more extended verbal analysis in the S than do names, 
and that these elaborate descriptions, being richer in association, 41€ 
then more resistant to extinction than the terse verbal labels occasioned 
by the sight of the names alone. While this might be plausible in a serial 
presentation situation, it is more difficult to uphold in the present tas 
where S's response to the stimuli is to a large extent controlled. РР 
offers least E control over S's response yet this produces inferior 16 
tention to NP where S is given the verbal label he must apply to the 
object before he ever begins any visual search for it. Their second sug- 
gestion, that the different verbal associational characteristics of names 
and pictures favor the retention of pictures over names also founders OF 
the degree of control exercised over the S's response. Though this theory. 
would correctly predict that NN should show least effective performante 
it should surely predict no difference in seore between any of the other 
three groups. 
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It seems plausible to apply a trace modality type explanation to 
Jenkins e£ al.'s own data on the retention of serially presented names and 
pictures. Apart from the usual finding that pictures were retained better 
than names, they also reported that while Ss experienced little difficulty 
in recognizing names previously presented as pictures, they were handi- 
capped in identifying pictures previously shown as names. This situation 
could arise if Ss were naming the pictures and only reading the names. 
These responses would ensure redundant coding for the pieture material 
but only verbal coding for the name material hence the observed re- 
sponse pattern of the two groups on the recognition test and the superior 
retention of pictures, as opposed to names of objects. 

Despite the suggestive implieations of such results, one should hesitate 
before attempting to extend a trace modality type explanation to all 
age groups in all situation involving the retention of name and object 
material, АП that is justified at present is to note that the trace modality 
argument seems to offer a precise and economical explanation for findings 
on the retention of pietured objects by 10-year-old children. 1% may well 
be that above this age, the verbal system plays an increasingly important 
role in encoding and storing pictured stimuli whereas below 10 years a 
nonverbal system predominates (e.g, the implications of “eidetic 
imagery”). It is only to be expected that Ss will make the most effective 
use of the coding systems available to them, at different ages. Perhaps 
research aimed at identifying developmental changes in the relative 
efficiency of the different labeling procedures described in this paper may 
shed light on this problem. 
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Noun Concreteness and Verbal Facilitation as Factors in 
Imaginal Mediation and PA Learning in Children! 


JOHN C. YUILLE® AND SUZANNE PRITCHARD 
McGill University 


An experiment was conducted to study the effects of noun concreteness 
and type of verbal connective on speed of discovery of imaginal mediators 
for Grade-2 and Grade-6 children. A second experiment examined the effects 
of the same variables on paired-associate (PA) learning. In both experi- 
ments concreteness had a facilitatory effect, while the type of connective 
had no apparent effect. A significant negative correlation was found between 
mediation latencies and PA learning. These findings were interpreted as 
evidence for mediating imagery being effective in PA learning, particularly 
with the older group of children. 


In a review of a series of studies, Rohwer (1967) reports that the type 
of words used to connect pairs of nouns differentially facilitates paired- 
associate (PA) learning in children: Recall is higher when verbs rather 
than prepositions are used as connectives, prepositions are more facilita- 
tory than conjunctions; and conjunctions do not differ from using no 
connective at all. One explanation, of a number of alternatives, that 
Rohwer (1967) considers, is that the facilitating effect may be mediated 
by imagery, i.e., nouns linked by a verb may evoke а distinct image 
which can act as a mediator of the pair. The present study was designed, 
in part, to test the hypothesis that the sentential facilitation effect is due 
to mediating imagery. i 

A series of studies by Paivio and his associates (for a review, see 
Paivio, in press) bears directly on the question of mediating imagery. 
Paivio (1965) conducted a PA learning study with adults in which the 
conereteness-abstractness of stimuli and responses was varied. Recall 
scores for the four types of pairs decreased in the order: Concrete- 


i i torate Fellow- 
"This research was completed while the first author held a Postdoc! 
ship from the National Research Council of Canada. The eerie A 
by a grant from the Social Science Research Council of McGill University. 
*Now at the University of British Columbia. 
459 


460 YUILLE AND PRITCHARD 


concrete (C-C), concrete-abstract (C-A), abstract-conerete (A-C), and 
abstract-abstract (A-A). This superiority of concrete nouns supported 
an hypothesis (Paivio, 1963) that the effectiveness of the concreteness 
attribute is due to mediating imagery. Further support for this imagery 
hypothesis is provided by the finding that concrete nouns are rated 
higher than abstract nouns in their capacity to evoke sensory images 
(Paivio, Yuille, and Madigan, 1967) ; and that Ss report using imaginal 
mediators most frequently in PA learning when the stimulus or response 
is concrete (Paivio, Smythe, and Yuille, in press). 

Paivio and Yuille (1966) replicated the PA learning results with 
children. However, the relatively stronger stimulus concreteness effect, 
was less reliable with the younger group than with adults. It was sug- 
gested that response learning might be a more important factor in chil- 
dren thus overriding the relative potency of the stimulus. A second 
purpose of the present study was to examine imaginal mediation in 
children as a function of stimulus and response concreteness and age. 

In order to relate imaginal mediation to the type of verbal links, to 
age, and to concreteness, it was necessary to find a technique providing 
“direct” investigation of mediators. Yuille and Paivio (1967) present 
such a technique. They instructed Ss to form mental images linking 
pairs of words, and, via a key press, measured the latency of mediator 
discovery. The latencies were found to vary as a function of concrete- 
ness, increasing in the order: C-C, C-A, A-C, and A-A. These results 
suggested that imagery is effective in PA learning since the pattern of 
latency results is inversely related to the pattern of recall results. This 
M RT technique appeared well suited to the needs of the present 
study. 

In this investigation, children at two age levels were instructed 10 
find images to link the members of pairs of words. Concreteness of the 
stimuli and responses was varied as well as the type of verbal link 
joining the pair (a verb, a conjunction, and no link). On the basis of 
Rohwer's (1967) interpretation, it was predicted that latencies woul 
be shorter for pairs connected by verbs than by either conjunctions OF 
no link, while the latter would not differ. From another set of studies 
(eg, Yuille and Paivio, 1967) it was also expected that coneretenc®: 
especially of the stimulus term, would affect latencies, although the effec 
might be less than obtained with adults (Paivio and Yuille, 1966). 810 
children under 8 years of age apparently are deficient in verbal media- 
tion ability (Kendler, 1963; Reese, 1962), it was expected that the 
facilitating effect of the connective form might be found only wit 
concrete material for the younger group. 
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EXPERIMENT 1 


Method 


Subjects. The Ss were 36 Grade-2 (mean age 7.6 years) and 36 Grade-6 
(mean age 11.7 years) boys and girls from two schools in à lower-middle 
class district of Montreal. All Ss were native English speaking. 

PA lists. Two 16 pair lists (lists A and B) were constructed using 16 
abstract and 16 concrete nouns. The nouns were those used by Paivio and 
Yuille (1966). The words had been selected from the 1000 most frequently 
oceurring words listed by Thorndike and Lorge (1944). Paivio and 
Yuille (1966) had judges rate each noun as concrete or abstract; they 
also found that the nouns retained their meaningfulness rank across 
grades. The 32 nouns were randomly paired to form four pairs of each 
of the stimulus-response combinations of concreteness: Concrete-conerete 
(C-C), concrete-abstract (C-A), abstract-conerete (A-C), and abstract- 
abstract (A-A) pairs. The second list was formed by re-pairing the 
nouns. 

Following the method employed by Rohwer (1967) five-word sentences 
of the form article-noun-verb-article-noun were constructed for each pair 
of nouns. These constituted the stimuli for the Verb Condition. The 
Conjunction Condition employed the same five-word strings with a 
conjunction substituted for the verb in each sentence. In the No Link 
Condition, the noun pairs appeared alone. ' 

Each “pair” in each condition was printed in black ink on a 5 X 8-inch 
card, the nouns in upper-case letters, and the other words in lower-case 
letters, 

Apparatus. An electrie, cluteh-driven clock, with two push-button 
switches connected in series with the clutch, was used to measure reaction 
time, The stimulus cards rested on an upright card rack. 

Procedure. Each S was tested individually in a small room, The 
instructions informed S that the study was concerned with mental images; 
he was asked to try to formulate and describe some “pictures in his 
mind.” Subsequent to this “practice,” S was presented. three practice 
pairs and then the 16 cards from one of the three conditions. Twelve Ss 
from each grade received one condition. The instructions asked S to press 
а switch as soon as he found a mental picture connecting the words. Upon 
presentation of a eard E pressed a switeh which started the clock. The 
clock was stopped by S's key press. After pressing the switch, S described 


*Examples of the four types of pairs: C-C, table-dollar; C-A, cup-spirit; 
A-C, cost-sugar; А-А, idea-age. 
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his image. These descriptions were recorded via magnetic tape. If 8 did 
not find an image within 20 seconds, a latency of 20 seconds was recorded 
and the next card presented. 

The cards were presented in the same random order to all Ss. Half 
of the Ss in each condition received the first list, the other half saw the 
second set of materials. 


Results 


During the transeribing of the children's imagery descriptions, it be- 
came apparent that not all of them were following the instructions. Some 
of the children appeared to be responding regardless of whether they. 
used imagery. In such cases, their reaction times would not reflect 
imaginal latencies, and it was felt that this distortion should be con- 
trolled. Three independent judges, naive with respect to this study, were 
asked to classify each description as “image” or “not image.” At the 
same time, they rated each image in terms of its effectiveness as & 
mediator of the pair of nouns. The rating was made on a 7-point scale 
defined by 1—no association, to 7—a close association between the 
nouns. If two or three judges classified a description as “not image," & 
latency of 20 seconds was assigned to that pair. At least two of the 
judges’ classifications agreed on 72% of the pairs. 

'The adjusted mean lateneies for each condition appear in Table L 

These results were analyzed in a 2X 3 X 2 X 2 analysis of variance. 
This included two independent factors, grade (two levels) and type © 
link (three levels), and two repeated measures, stimulus, and response 
concreteness. A significant grade effect (F = 23.65; df = 1,66; р < 01) 
indicated that Grade-6 children were faster at discovering images Шай 
those in Grade-2. As expected, both stimulus concreteness (F = 27.08 
df = 1,66; p < 01) and response concreteness (Е = 26.19; df = 106; 
p < 01) facilitated mediator discovery. A significant Stimulus X Grad 
interaction (F = 883; df = 1,66; p < .01) revealed that the facilitatim 
effect of concrete stimuli was greater for Grade-2 than Grade-6 children. 
The predicted main effect of type of connector was not obtained (f = 
1.0). 
An analysis of variance of the mean number of images discovered 
showed exactly the same pattern as the latency data analysis. Similarly; 
an analysis of the ratings of mediator effectiveness showed the sam 
pattern, except that there was no significant main effect of grade. Since 
effectiveness, number, and latency of mediators are correlated response 
measures, the similarity of these results is not unexpected. 

The finding that the number of images discovered by each group. 
as a function of the experimental variables calls for a re-examln' 


varied. 
ation 
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TABLE 1 
Mean LATENCIES (SECONDS) FOR GRADES 2 AND 6 As A FUNCTION OF 
STIMULUS AND RESPONSE CONCRETENESS AND TYPE or Linge 


Grade 2 response Grade 6 response 

Stimulus Concrete Abstract: Concrete Abstract 
Verb 

Concrete 12.37 15.30 9.14 13.65 

Abstract 16.41 17.71 10.61 11.68 
Conjunction 

Concrete 12.66 14.78 7.92 8.32 

Abstract 14.97 16.89 9.17 11.03 
No link 

Concrete 10.56 11.90 9.13 10.33 

Abstract: 14.11 15.91 10.25 11.55 


“ SDs range from 9.49 to 27.36. 


of the latency data. Since those pairs for which no image was discovered 
were given a latency of 20 seconds, the latency of mediator discovery 
may have varied only because the number of. images varied. The mean 
latency for each type of pair for those pairs which actually evoked an 
image was calculated for each S. The only significant effect involved 
Grade-6 children discovering images more rapidly than Grade-2 children 
for all four types of pairs (t > 2.51; df > 46; p < 05). 

These results do not confirm the imagery interpretation of Rohwer's 
(1967) data. Even for the C-C pairs, which are directly comparable to 
Rohwer’s materials, there is no evidence of the facilitatory effect of 
type of connective on imaginal mediation. In order to assist the inter- 
pretation of these results, a second experiment was conducted in which 
PA learning data were obtained from similar groups of children, using 
the same materials. 


EXPERIMENT 2 


Method 


Subjects, Ss were 18 Grade-2 and 18 Grade-6 pupils, some from one 
of the schools used in Expt. 1, and some from a third school in the same 
district, ( А 

Materials. The verbal materials and cards of Expt. 1 were used in this 
study. In addition, two sets of cards, one for each list, were prepared 
containing the stimulus member of each pair. These cards were used 


during recall trials. A 
Procedure. Six Ss in each grade received one of the three conditions 
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(Verb, Conjunction, No Link). Ss were tested individually. The instruc- 
tions explained that the task was “to remember which two words belong 
together, so that when you see the first one, you can tell me the second.” 
After three practice pairs, S was given two alternating lea rning and recall 
trials with one of the two 16 pair lists. Each card was exposed for 5 
seconds during learning, During recall, the card was changed as soon 
as S made a response. E informed S whether the response was correct, 
The material was read aloud by E during both learning and recall. The 


order of presentation was randomly varied. 
| 


Results 


The mean total correct recall scores over two trials for each condition 
appear in Table 2. A 2 X 3 X 2 X 2 analysis of variance was performed 
on these data. Recall was higher for Grade-6 than Grade-2 children 
(F = 5.80; df = 1,30; p < .05). As expected from previous results, both 
stimulus conereteness (F = 48.09; df = 1,30; p < .01) апа response 
concreteness (F = 18.88; df = 1,30; р < .01) facilitated recall per- 
formance. The interaction of stimulus and response variables (F = 4.60; 
df = 1,60; p < .05) was due to concrete stimuli having a greater facili- 
tative effect when the response was concrete. A significant Grade X 
Response interaction (F = 9.87; df = 1,30; p < .01) revealed that the 
facilitating effect of response concreteness was largely located in the 
Grade-2 conditions. The expected facilitating effect of the Verb Condition 
was not obtained (F = 1.0). However, a Stimulus X Condition inter- 
action (F = 5.32; df = 2,30; p < .05) revealed that variation in stimulus 


TABLE 2 
MEAN Тотлт, RECALL ғов Two TRIALS As A Function оғ STIMULUS AND 
RESPONSE CoNcRETENESS AND TYPE or LiNk^ 


Grade 2 response Grade 6 response 
as — — 


Stimulus Concrete Abstract Concrete Abstract 


Verb 
Concrete 3.83 2.33 4.83 3.83 
Abstract 2.50 1.50 2.83 2.67 
Conjunction 
Concrete 5.00 2.17 4.17 4.00 
Abstract 2.00 1.50 2.33 2.17 
No link 
Concrete 3.50 1.50 4.33 4.33 
Abstract 3.33 1.83 3.33 3.33 


а SDs range from 0.58 to 2.22. 
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concreteness had a greater effect with conjunction links, and least effect 
with no links. 


DISCUSSION 


Children, of the type tested in this study, apparently discover imaginal 
mediators for noun pairs with equal rapidity regardless of the presen- 
tation context. This suggests that imagery may not be the mediating 
process underlying Rohwer's sentence effect. However, the failure to 
replicate Rohwer's PA learning results with a similar group of children 
makes conclusions about the sentence effect difficult, Perhaps the reason 
for not replicating the results is due to differences in materials. The low 
recall scores obtained in the present study suggest that the pairs were 
difficult to learn. This may have affected the usefulness of connectives, 
In addition, population and procedural differences were involved. For 
example, Rohwer presented his materials verbally while a combined 
visual-verbal method was employed in this study. Further research is 
necessary before the reasons for this difference in results can be assessed. 

The strong effect of concreteness on imaginal mediation latency in 
children extends the findings previously reported with adults (Yuille and 
Paivio, 1966). The stronger stimulus effect obtained with Grade-2 rather 
than the Grade-6 group is unexpected. Perhaps the younger children 
attended only to the first noun of each pair, while the Grade-6 children, 
more experienced with words, can take advantage of concreteness in either 
location. The fact that rated mediator efficiency was more affected by 
stimulus conereteness in the Grade-2 group supports this interpretation. 

The PA learning results are similar to those obtained with adults. As 
with previous research with children (Paivio and Yuille, 1966) the 
stronger stimulus effect was not clear. The fact that the response variable 
had a relatively greater effect with the younger group may be due to 
response learning (ef. Underwood and Schulz, 1960) rather than medi- 
ation. 

One implication of this study is that imaginal mediation ability m- 
creases from Grade 2 to Grade 6. Grade-6 children form more images, 
and form them faster than do the Grade-2's. It also seems that the older 
children use the mediators to better advantage. Some evidence for the 
fact that imagery was used by the children is revealed by the cor- 
relations between mediation and learning data. The Pearson product 
moment, r between mean adjusted lateney (Table 1) and recall for each 
Pair of nouns, collapsed over type of link, is —.59 (p < 01), (—.28 for 
Grade 2, —.48 for Grade 6). Also the number of Ss finding an image 
for a pair correlates .36 (р < .05) with the recall for that pair. This 
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evidence, although inferential, supports the hypothesis that imagery can 
serve as an effective mediator of PA learning. 
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An Attempt to Shape Bidimensional Attention 
in 24-Month-Old Infants* 


Joun S. Watson 
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Twenty-four Ss within 2 weeks of 24 months of age were presented a 
shaping procedure designed to lead to bidimensional sorting behavior. The 
shaping sequence involved three steps. Step I required spatial separation 
of two objects and 22 Ss reached criterial performance within the 25 trials 
allotted to this step. Step II required unidimensional sorting of two objects 
by color for half the Ss and by form for the other half. Ten Ss reached 
criterial performance within the 35 trials allotted to the second step. Step 
III required sorting three objects by both color and form. Four Ss succeeded 
on the third step at a level sufficient to reject statistically an existing 
hypothesis that children are limited to unidimensional attention prior to 
about 7 years of age. Success on Step III was significantly related to 
success on Step II. Errors on Step III were examined to further as- 
ве the unidimensional hypothesis and some support was found, 
Overall, however, data from this and other studies are viewed as more 
consistent with an alternative hypothesis that unidimensional and multi- 
dimensional attention are in part situationally dependent on the absence 
or presence of reinforcement for object discrimination. 


Within a wide variety of cognitive developmental topics, much. is 
made of an assumption that young children tend to center attention 
on single dimensions or attributes of stimulus objects. The ability to 
simultaneously consider two or more stimulus dimensions is presumably 
absent until about the age of 7 years—at least this appears to be the 
position presented within the Piagetian literature (Wallace, 1965; p. 80). 

Advancement beyond unidimensional attention is viewed as necessary 
for a variety of significant cognitive functions. Within the writings of 


t ted in part by OEO Head Start Sub- 
cU RR шуш. E Head Start Evaluation and 
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Research Center, Data collection for the study was carried out while t E fos 
Author was on the faculty of and the junior author was & student at the Merrill- 
Palmer Institute in Detroit. 
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Piaget, the numerous “conseryations” (e.g., of quantity, of area, of social 
role), nonegocentric spatial and social conceptualization, and multiple- 
classification behavior are each assumed to be prohibited by the young 
child's limitation to unidimensional attention. A similar proposal has 
recently been made outside the Piagetian domain to explain the errors 
of 6-year-olds in a study of the development of conjunctive and dis- 
junetive rule formation (King, 1966). 

Direct support for the contention that young children are limited to 
unidimensional attention comes primarily from two sources of data. 
These are the behavior of young children in object-sorting tasks and in 
Piagetian conservation tasks. An example from conservation tasks is 
Piaget’s observation that when a young child watches a piece of clay 
being elongated into the shape of a sausage, the child will consider the 
change in shape to involve a change in amount of clay. If he centers his 
attention on length, he will think the clay is increasing in amount. 
If he attends to the fact that the sausage becomes thinner, he will think 
it is decreasing in amount. “In both cases, the child is unaware of 
conservation, and refers to only one dimension, either one or the other, 
not both at the same time” (Piaget, 1967, p. 155). 

The behavior of young children in object-sorting tasks has also 
provided direct support of a limitation to unidimensional attention in 
children below the age of about 7 years. Children from about 2 to 7 
years of age appear quite able to sort objects on the basis of a single 
attribute, but they “cannot employ two attributes of the same object 
that is, break up a group of apples along the multiple dimensions of big 
red apples and small green apples” (Sigel, 1964, p. 218). A notable 
exception to this general finding occurred in a study by Colby and 
Robertson (1942) which was designed to assess the relative frequency 
of color and form serving as a consistent basis for sorting by children 
ranging from 316 to 915 years old. A few children younger than 5 years 
of age were judged capable of sorting on basis of color, and sim 
simultaneously. 

Although Colby and Robertson did not provide an estimate of the 
chance probability of their exceptional cases, if one assumes they are 
valid cases of multidimensional attention then at least two different 
theoretical interpretations can be proposed to account for them. On the 
one hand, these cases can be viewed as an "illustration of the need to 
be sensitive to the individual differences in the stages in which various 
phenomena appear, rather than being overly dependent on age levels 
(Sigel, 1964). This position accepts the cases as early arrivals m the 
developmental stage which embodies the ability to attend to multiple 
dimensions (e.g. the stage of “concrete operations” in Piaget’s theory): 
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An alternative interpretation of Colby and Robertson's cases is that 
they illustrate a need to distinguish between what children do and what 
they are capable of doing, a distinction which Shantz, 1966, has pointed 
out is often lacking in much of Piaget’s work. If some children are able 
to attend to multiple dimensions before 5 years of age, then the question 
arises as to whether the children judged unable are truly unable or if 
perhaps the standard assessment procedures have simply failed to elicit 
an existing capacity for multidimensional attention. In this regard, it is 
notable that the standard sorting and conservation tasks are noninstru- 
mental in form; that is, they do not provide reward for correct responses. 

Thus, existing data at best support the contention that children 
younger than 7 years of age normally employ unidimensional attention 
in noninstrumental discrimination tasks. Whether this tendency toward 
unidimensional attention is also normally dominant in instrumental dis- 
crimination tasks is not yet empirically supported. Even if it were to 
be found that unidimensional attention is a normally dominant response 
tendency for both instrumental and noninstrumental discrimination tasks 
an important question would remain as to whether multidimensional 
attention is beyond the functional capacity of the young child or if it 
is rather a response which can be learned under appropriate conditions. 

The present study attempted to shape bidimensional attention in 
24-month-old Ss within a sorting task involving objects which vary on 
the basis of two levels of the dimension of color and two levels of the 
dimension of form. The study had two principal objectives. One was to 
assess the extent of success of this technique at this age. The other 
objective was to assess the extent to which unidimensional attention 
accounts for errors in this instrumental discrimination task. 


METHOD 


Subjects. The Ss were children within 2 weeks of 24 months of age. 
"They were solicited by mail from published lists of official birth an- 
nouncements for the Detroit area. Potential Ss were selected from these 
lists on the basis of sex and age until 6 boys and 6 girls within each of 
two experimental groups met certain performance criteria (ie. com- 
pleted Step II of the shaping procedure deseribed below) for entrance 
into the participating sample of the study. Two boys and ten girls 
failed to meet these performance criteria. Thus, sample construction 
required successful solicitation of 36 Ss and these represent the total 
Positive responses to approximately 300 soliciting letters. All Ss except 
one were Caucasian. The educational level of the fathers of the 36 Ss 
ranged from 10 to 20 years of formal schooling with a mean of 15.5 years. 

Stimulus objects. The various sorting tasks involved use of three 
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plastic blocks each of which was 14-inch thick with a surface area of 
approximately 215 square inches. The blocks differed from one another 
on the basis of the specific values (black vs. red and circle vs. triangle) 
of two binary dimensions (color and form). The specific combinations 
employed were black-cirele, black-triangle, and red-circle. 

Apparatus. Sorting behavior was elicited and rewarded with the use 
of the sorting box shown in Fig. 1. The box has two slots 12 inches 


Fic. 1. The sorting box. 


apart on the left-right axis near the top of its slanting front surface. 
Blocks placed in these slots are retained within the box until released 
by an electric switch. When released, the blocks enter a “return basket 
pos.tioned mid-line at the front base of the box. The head and torso 0 
a clown are painted on the slanting front surface. The clown's eyes an 
nose are 12-volt panel lights which can be lit in unison. Within the bo 
are an electrie train whistle and a Trix cereal dispenser which ES 
deliver a single piece of cereal into a “reward basket" situated next 


os 
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to the object return basket. The lights, train whistle, and cereal served 
as reinforcement as described below. 


PROCEDURE 


The Ss were tested individually in a laboratory room at the Merrill- 
Palmer Institute. The mother of each S accompanied the child into the 
room and was seated approximately 10 ft from the sorting box. As 
soon as Е judged that S had become reasonably adapted to the situation, 
S was given two blocks. The specific blocks used differed for two experi- 
mental groups. The blocks were the black-cirele and red-circle for Color 
Group Ss and black-cirele and black-triangle for Form Group Ss. 

Step I of shaping. After S examined the blocks, E asked for them 
back saying “Let me show you what I can do with these." E then slowly 
placed one block in the right-hand slot and then one in the left-hand 
slot. At this point, E began blinking the lights on the box by means of 
a remote control switch held behind his back (the switch provided 
independent control of the three reinforcements and the object return 
mechanism). The lights were blinked for 5 seconds, then the object 
return mechanism was activated. E acted elated and asked S “Can you 
do that, can you make the lights go?” 

As S began putting the blocks in the box, E seated himself about 8 
feet to one side and began recording S's pattern of object sorting. During 
Step I of shaping, reinforcement was contingent on spatially separating 
the two blocks without regard to which block was placed in which slot. 
If S made the error of placing both blocks in one slot, no reinforcement 
occurred during a period of 5 seconds prior to return of the blocks. 
Step I continued until S was correct on six consecutive trials following 
the fifth trial or until completion of 25 trials. 

Step II of shaping. Step II began directly upon completion of Step I 
and involved solely a change in the sorting pattern required. For Color 
Group Ss, reinforeement was now contingent on à specific pattern of 
separation; e.g., red-left and black-right. The same was true for Form 
Group Ss; e.g, circle-left and triangle-right. These specific position 
requirements were reversed for half the Ss in each group. Error was 
therefore an instance of either not separating the two blocks or reversing 
the specified pattern of separation. Step II continued until S was correct 
On seven consecutive trials following the fifth trial or until completion 
of 35 trials. ч 

Step III of shaping. At the start of Step III, E showed 8 the third 
block (ie. the red-eirele for Form Group Ss or the black-triangle for 
Color Group Ss), then demonstrated slowly the correct sorting pattern. 
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For all Ss, the correct pattern was specified as placing the black-circle 
in the slot which had been correct in Step II and placing the red-cirele 
and black-triangle in the other slot and thus correct placement of the 
black circle required attention to both its color and form. Four types 
of error were now possible: nonseparation (all three blocks in one slot), 
reversal (correct separation but wrong slots), form separation (circles 
in one slot and triangle in the other), and color separation (blaek blocks 
in one slot and red block in the other). Criterion was set at eight 
consecutive correct trials, but with the exception of one S Step III 
continued until S stopped playing. This S was the first to reach criterion 
and was stopped in accordance with an initial decision to stop at 
criterion, However, it soon became clear that criterial performance was 
infrequent, so this policy was dropped to insure maximal sensitivity for 
assessments of chance occurrences. 

The specifie shaping sequence employed in this study was chosen for 
several reasons. First of all, a S could theoretically move through all | 
three steps without faeing a greater than .5 chance of making an error. 
Step I provides four logical alternatives of which 2 are correct. Step Ш 
provides the same alternatives, but a S mastering Step I should be 
limited to the two separation patterns of which one is now correct. 
With mastery of Step II, a S should presumably face the task of leam- 
ing in which of the two slots the new block must be placed. Thus, while 
there are eight possible ways of sorting the three blocks in Step Ш, | 
à fully shaped S would only face a .5 chance of committing an error, 

The shaping sequence employed provided the possibility of introducing 
either a eolor or form sorting task at Step II in the sequence. The two 
types of unidimensional discrimination therefore could be compared with 
respect to their relative difficulty and relative transfer value for pel 
formance on Step III. 

Reinforcement, All Ss began with the lights serving as reinforcement 
for correct trials. In an attempt to obtain a maximal number of sorting 
trials, the nature of the reinforcement was changed as soon as S met 
an adaptation criterion of one intertrial delay greater than 5 minutes, 
or two delays exceeding 2 minutes each, or three delays exceeding 
minute each. When a S met this criterion for the first time, а correo 
sorting trial was demonstrated and reinforcement was changed or 
lights to lights plus train whistle. The second time the adaptation 
criterion was met, a correct trial was demonstrated and reinforcemen 
was changed from lights plus whistle to lights plus whistle plus Trix 
cereal. When S met the adaptation criterion a third time, the 8688101 
ended. 

During all delays exceeding 15 seconds, E activated the object return | 
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mechanism which made a “click.” This was done every 15 seconds in 
conjunction with a verbal request by E for S to continue, until S either 
began sorting again or until the adaptation criterion was met. 


RESULTS 


Step I. Of the 24 Ss in the partieipating sample of this study, 22 
reached criterion on Step I within the 25 trials allotted, Criterion was 
reached without error by 18 Ss and with but one error by the remaining 
4 Ss. The two failing Ss were a boy and a girl in the Color Group. 

Step II. Within the 35 trials allotted to Step II, 10 of the 24 Ss reached 
criterion. As was the case in Step I, those Ss who reached criterion 
tended to do so with very few errors (mean = 3.8). Regarding the dis- 
tribution of Ss reaching criterion in Step II, it is notable that the ten 
succeeding Ss were evenly distributed by sex, but the distribution by 
method was seven on form and three on color. Thus, the data show a 
trend suggesting a lesser difficulty of the form sorting task. 

Step III. Within the unlimited trials allotted to Step IIT, four Ss 
reached criterion. The Ss were two Form Group boys, one Color Group 
boy, and one Color Group girl. Errors to eriterion were 43, 1, 1, and 15 
respectively, The infrequency of criterial performance on the bidimen- 
sional task raises the question of whether these successes are simply 
products of chance. That is to say, is the performance of these four 
Ss sufficient to reject the universal negative hypothesis that no 24- 
month-old ean succeed in Step III? The data support rejeetion of the 
universa] negative hypothesis on the basis of either of two analyses. 
On the one hand, since Ss were permitted to continue sorting indefinitely 
this allowed one S to accumulate one set of 18 consecutive correct trials. 
Assuming that chance performance above unidimensional sorting has а 
per trial probability of .5 during Step Ш, and considering the number 
of opportunities for one or more sets of 18 or more consecutively correct 
trials within the responses of all 24 Ss, the probability of the chance 
occurrence of the one set of 18 consecutively correct was caleulated as 
less than .003. 

Moreover, if performance on the final 14 2 h 
sidered, a binomial test of the frequeney of correct trials exceeded the 
006 level for each of the 4 Ss who reached criterion. Thirteen Ss aem 
tinued for at least 14 trials on Step Ш. It is extremely unlikely that o 
these 13 Ss 4 would exceed the .006 level by chance. \ 

Accepting the four Ss as valid cases of bidimensional ered an 
important question arises as to why these four succeeded while the Ne 
maining 20 Ss did not. One variable of obvious importance is the usi 
of sorting trials whieh were produced during Step III. The variation 


trials in Step III is con- 


474 WATSON AND DANIELSON 


aeross Ss ranged from 0 to 94 trials. The fewest trials to ej 
any S was 14 trials. It would seem reasonable, therefore, to 
from further analyses the 11 Ss who did not accrue at least 14 
Step III. The remaining 13 Ss thus provide a basis for examin 
ables potentially related to success within the performance о 
persevered for at least a minimally sufficient number of trials. = 

With these 13 Ss, comparisons were made between the 4 висе 
the 9 failures regarding education of father, sex of S, color 
task on Step II, and verbal fluency (as based on frequency, 8 
and articulation of speech during the testing session). No appr 
trends were evident for any of these variables, though sensitivi 
course, is limited by the small N available. However, when s 
failure on Step II was considered as shown in Table 1, a Fish 
Probability Test was significant at the .05 level. 

TABLE 1 
CONTINGENCY ANALYSIS OF RELATIONSHIP BETWEEN CRITERION PERFORM 


on Srer П AND ӨТЕР III ror Ss CONTINUING FOR 
14 on More TRIALS on ӨТЕР III 


Criterion met on Step III Yes 


Total 


Error analysis. Errors during Step III were analyzed to si 
occurred in a manner consistent with the assumption that young 
center attention on a single dimension. This study was designed 
vide two assessments of the unidimensional hypothesis. First, 
errors on Step III were produced by unidimensional attention, 
pattern of errors should reflect this by a dominance of со 
dominance of form error types. Secondly, a tendency toward 
sional attention could be expected to be strengthened by reinf 
during the unidimensional sorting task of Step II. Were this В 
Group Ss should tend toward color dominance in Step III a 
Group Ss should tend toward form dominance—at least this § 
expected at the beginning of Step III for those Ss reaching crit 
Step II. 

The occurrence of unidimensional dominance during Step 
assessed by examining the degree of disproportion in the f 
of color and form errors for each S. 

In a previous study by King, 1966, Ss had to identify posit 
negative instances of conjunctive rules (e.g., red and square) 
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junctive rules (e.g., red and/or square) with respect to variations in two 
visual dimensions of test stimuli. There were four possible cases of test 
stimuli which were distinguished by the presence (P) or absence (A) 
of the relevant stimulus attributes, e.g., red-square (PP), red-nonsquare 
(PA), nonred-square (AP), and nonred-nonsquare (AA). The analysis 
of unidimensional dominance was limited to comparing the frequency 
of errors on the PA and AP cases. In the conjunctive problem, PA and 
AP are negative instances; but a S attending to only one dimension 
(e.g., color) would tend to identify erroneously one of these but not both 
(e.g, PA but not AP) as a positive instance of the rule. In the dis- 
junetive problem, PA and AP are positive instances, but a S attending 
to only one dimension (e.g., form) would tend to identify erroneously 
one of these but not both (e.g., PA but not AP) as a negative instance. 
In both conjunctive and disjunctive problems, then, attending to only 
one dimension should be reflected in an unequal frequency of PA and 
AP errors, A S attending to both dimensions, on the other hand, should 
tend to make an equal number of PA and AP errors. 

Following analogous reasoning, the color and form errors on Step III 
of the present study were examined to determine any disproportion in 
frequency within the individual response records of Ss. Unidimensional 
attention would be expected to lead to an unequal frequency of these 
two error types, but they would be expected to be about equally frequent 
for a S who attended to both the color and form dimensions. 

The criterion of unidimensional dominance used by King was not 
employed here, however, since that criterion incorporates a notable 
statistical bias. King limited his analysis to Ss who made at least two 
errors on the PA and/or AP cases and unidimensional dominance was 
claimed for Ss displaying more errors on one case than the other when 
the ratio of error frequency was 2:1 or greater. Yet Ss making two, 
three, or four such errors can be expected to reach this criterion of 
dominance by chance at the probability rates of .5, 1.0, and .6 respec- 
tively. For example, а 8 making three errors has a chance probability of 
1.0 of meeting the criterion because there are only eight possible ways 
of making three such errors (i.e. PA-PA-PA, PA-PA-AP, PA-AP-PA, 
AP-PA-PA, PA-AP-AP, AP-PA-AP, AP-AP-PA, or AP-AP-AP) and 
each ease meets the criterion of a ratio of 2:1 or greater. 

* With this criterion of unidimensional dominance, King (1966) found a greater 
proportion of 6-year-olds than older Ss showing dominance. Yet without some 
indication that the groups did not also differ in their distributions of AP and PA 
error frequencies, King's finding is difficult to interpret. For example, if the case 
of three or four errors occurred more frequently among 6-year-olds than older Ва 
and the саве of two errors occurred more frequently among older Ss than among 
6-year-olds, the dominance classification would simply be more probable by chance 
for 6-year-olds. 
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In the present study, the analysis of unidimensional dominance was 
limited to Ss making four or more color and/or form errors, and the 
probability of error ratios as disparate or greater than that observed 
was calculated for each S. Thus, for example, if a S made four errors 
of which three were color and one was form, the probability for a 
disparity as great or greater than the observed 3:1 ratio would be 
calculated by determining that of the 16 possible error distributions of 
4 errors two are 4:0 ratios and eight are 3:1. Thus, 10 of 16 or .625 of 
the possible outcomes would be equal to or greater than the observed 
outcome. The observed case would then be considered as a disparity 
having the probability of .625 of being reached by chance, Were the 
observed outcome all four color errors, the chance probability would be 
.125 since there are only 2 of the 16 possible outcomes that reach the 
4:0 ratio of disparity. 

Nine of the 13 Ss who persevered for 14 or more trials in Step III 
committed at least four errors of the color or form types. The proba- 
bilities for the observed error frequency disparities ranged from 1.0 to 
02 across the 9 Ss. Six of the nine probabilities were less than .2. A 
conservative estimate of the liklihood that six of nine Ss would show 
this extent of unidimensional dominance by chance is p «0l, as 
estimated by references to the Poisson distribution. 

For five of the six Ss showing dominance at р < .2, color was the 
predominant error type. Regarding the question of whether dominance 
in Step III would be related to the dimension involved in Step IT, no 
transfer effect was observed in that three cases of dominance favored 
the dimension involved in Step II and three cases did not. 

An analysis of only the first four form or color errors was made to 
check whether unidimensional dominance and transfer effects might be 
exhibited most strongly within the initial trials of Step III. Contrary 
to the expected, unidimensional dominance appeared less evident within 
the initial four errors than in later errors. Of the nine Ss who made at 
least four relevant errors, only two Ss showed a uniform consistency of 
error type within their first four errors. Moreover, of the six Ss who 
eventually developed a notable dominance (ie., p of ratio <.2), four 
Ss had lower ratios initially than later while only one S had à higher 
ratio initally. As for the queston of transfer effects from Step II within 
initial Step III errors, none was apparent. 


DISCUSSION 
The results of the present study provide one rather clear and M 
portant implication. By the age of 24 months, some children are quite 
capable of performing a bidimensional sorting task—at least this see 


ча 


"i 
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clear within the stimulus and reward context employed here. While 4 
successes out of a starting sample of 36 Ss may at first appear a modest 
ratio of capability, it is notable that when reference is limited to Ss who 
both mastered the unidimensional task of Step II and continued for at 
least 14 trials in the bidimensional task, the ratio rises to four successes 
out of seven Ss. 

Previous diseussions of the young child's presumed inability to per- 

form tasks requiring multidimensional attention have viewed this 
inability as the consequence of the child's general limitation to unidimen- 
sional attention. Since that proposal has arisen primarily from observa- 
tions of young children in noninstrumental tasks, error analyses were 
undertaken to see if the proposal appeared applieable to performance 
on the instrumental task of this study. Although a significant degree of 
unidimensional dominance was found in the color and form errors pro- 
duced during the bidimensional task of Step III, two aspects of the 
dominance patterns which oceurred seem inconsistent with the general 
unidimensional hypothesis. 
On the one hand, the specifie direction of dominance was apparently 
unaffected by the type of unidimensional training received by a S during 
Step II. This might be viewed as reflecting an immutability of an 
original dominance tendency which S brought into the experimental ses- 
sion. Yet this seems unlikely since even Ss who rapidly mastered the 
unidimensional task on Step II and thus could be presumed to be dis- 
playing their original dominance did not show any consistency of 
dominance of that dimension within Step III. "T 

Another inconsistency with the unidimensional hypothesis is the find- 
ing that unidimensional dominance tended to be less clear within the 
first four relevant errors of Step III than during later errors. Why 
would Ss show less tendency toward unidimensional attention immedi- 
ately after Step II trials which provided reward for unidimensional 
attention than after a set of Step III trials in which only bidimensional 
attention was rewarded? One possible explanation would be that multi- 
dimensional attention in the young child is partially under the control 
of a cue aspect of reinforcement which marks an occasion m which 
multidimensional attention has been rewarded more consistently than 
unidimensional attention. If so, then as trials continued in Step III with 
little or no reinforcement occurring, multidimensional attention would be 
expected to give way to unidimensional attention. This follows if one 
assumes unidimensional attention is less complex a response than multi- 
dimensional attention and further assumes some validity for the principle 


of least effort. lai 
This hypothesis of the cue value of reinforcement would also explain 
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the fact that Ss reaching criterion on Step II were significantly more 
likely to reach criterion on Step III. These Ss would enter Step III with 
a greater tendency toward multidimensional attention due to the im- 
mediately preceding high rate of reinforcement received in Step Il. 
Surely simpler explanations are possible; e.g., proposals of ability selec- 
tion in Step II or shaping consistency from Step II to IIT. However, it 
is interesting to note that the hypothesis at hand also fits results of a 
study by Eimas (1965) in which kindergarten children were found to 
use compound eues in a diserimination task in which reinforcement could. 
be obtained by attention to single component cues alone. 

Upon reflection, it seems likely that many of the learned adaptations 
which youig children acquire in language and social behavior require 
attention to both specific cues and their stimulus contexts; e.g, dis- 
criminations between intonational contrasts or syntactical contexts of 
certain words, between love-pats and soft-spanks, or between “warning” 
from parents in publie versus at home. In light of the probable number 
of such multidimensional discriminations required of young children, it 
would hardly be surprising if multidimensional attenton were to become 
eventually the model rather than the rare initial response to instru- 
mental diserimination situations. 

It is not elear whether the limited number of Ss showing bidimensional 
attention in the present study is a sign that this response is yet rare 
at 24 months of age or whether the limited number is an artifact of 8 
failure to obtain and maintain sufficient involvement in the task. How- 
ever, the performance of the 4 Ss who did master the bidimensional task 
is certainly sufficient to conclude that bidimensional attention is 4l 
available response for some children long before their seventh year. 
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The Effect of Verbalization on Discrimination Learning 
and Transfer in Nursery School Children! 


І. В. GOULET 


West Virginia University 


Nursery school children were compared on two-choice discrimination and 
transfer lists under instructions to verbalize (or not to verbalize) the stimuli 
before making a choice. The transfer paradigm involved retaining the “old” 
wrong (List 1) stimulus items and pairing them with “new” right items on 
List 2, relative to mixed-list control pairs consisting of pairs of new wrong 
and new right items on List 2. Strong positive transfer was obtained on 
List 2 under both verbalization and non-verbalization treatments, In addi- 
tion, there was a strong trend toward facilitative effects of verbalization on 
both List-1 learning and List-l relearning after interpolated List-2 practice. 


A consideration of the available theoretical propositions relevant to 
verbal-discrimination learning highlights an apparent discontinuity be- 
tween young children and adults in terms of the variables affecting 
discrimination learning. For example, overt verbalization of task items 
is generally considered to have facilitative effects on discrimination 
learning of children, whereas deleterious effects of this variable are 
found in verbal-diserimination (VD) tasks when college students 
(Kausler and Sardello, 1967; Sardello and Kausler, 1967) or children as 
young as those in fifth-grade (Goulet and Hoyer, 1969) serve as Ss. 

The frequency theory of VD learning (Ekstrand, Wallace, and Under- 
wood, 1966) suggests that verbalization of right (R) and wrong (W) 
items should have detrimental effects in acquisition. The theory is based 
on the assumption that VD learning is in part а function of the 
frequeney with which the R and W items have been overtly or covertly 
verbalized during acquisition. The exposure of the items adds a "fre- 
queney unit” to both R and W items with the R item adding additional 
frequency units during the feedback exposure and if rehearsal of the R 
item occurs. The deleterious effects of verbalization are assumed to occur 
because frequency units are added to both R and W items rather than 
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to the R item alone and because the time for rehearsal of the correct 
(R) items is minimized. The present study was concerned with the 
effects of verbalization of R and W items in the discrimination learning 
of nursery school children on both an initial and a transfer list. 

There has been extremely little research related to the mechanisms 
of transfer in discrimination learning of young children. The reasons 
for the paucity of research are not readily apparent since the use of 
transfer designs can assist in the determination of the basic learning 
and/or associative processes in children. For example, Cross and 
Vaughter (1966) have provided suggestive evidence that very young 
children (e.g., CA = 4 years) respond in a two-choice object discrimina- 
tion task by avoiding the non-reinforced (incorrect) stimulus rather than 
approaching the reinforced (correct) stimulus. They used a modified 
discrimination-transfer task where Ss were given two training trials 
involving positive information (forced-choice of the correct stimulus in 
the absence of the incorrect stimulus), or two negative information trials 
(forced choice of the incorrect stimulus in the absence of the correct 
stimulus). Performance on a third (transfer-test) trial where both the 
incorrect and correct stimulus were available, was better following nega- 
tive information trials than positive information trials. 

A test of this proposition may also be made using a conventional 
transfer design and procedure; i.e., Ss may learn two discrimination 
lists, each consisting of a series of two-choice pairs involving wrong 
(W) and right (R) items. The first-list pairs may be designated Wi-Re 
A second list may be constructed with “new” R items while still retain- 
ing the “old” (List 1) W items; ie, the Wı-R,, Wi-Re paradigm. 
If the assumption by Cross and Vaughter is correct, strong positive 
transfer should be manifest on the second list relative to control 
(W;-R;) pairs where no specific interlist transfer is possible. 

Frequency theory does provide additional predictions regarding 4% 
quisition of transfer lists, For example, in the W,-R:, Wi-R: paradigm, 
Ss may respond on the basis of frequency cues on List 2 by choosing 
the item in each pair which has the least frequency units (Rule 2, 
Ekstrand et al). However, since frequency units accrue more rapidly 
for R items than W items, diseriminative cues based on frequency 
become unreliable during the later stages of List-2 practice. Underwom 
Jesse, and Ekstrand (1964) provided direct support for a frequency 
analysis of VD learning; i.e., strong positive transfer was obtained m 
W,-R, pairs on List 2 in the early practice trials, followed by inhibitory 
(negative transfer) effects on later trials. The negative transfer effect 
were attributed to the unreliability of frequency cues in the later stag 
of List-2 practice. Kausler and Dean (1968) provided a basic replicatio 
of the Underwood её al. study and found that the inhibitory effects were 
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present throughout List-2 practice if Ss were not informed of the exact 
relation between List 1 and List 2 prior to practice on the second list. 
Both Underwood её al., and Kausler and Dean used college Ss. Presum- 
ably, the initial positive transfer found by Underwood е! al. was due to 
Ss "set" to respond by using Rule 2 rather than using Rule 1 (choosing 
the item with the greatest frequency units) because of having full in- 
formation (through instructions) of the List 1-List 2 relations. The 
present study investigated transfer in nursery school children using the 
W;-R,;, W,-R. paradigm. 


METHOD 


Design and. Subjects 


The basic design was a 2 X 2 "mixed" factorial with verbalization 
(pronunciation of R and W items or no pronunciation) as a between- 
subject variable and type of pair, Wı-R: (E) or W;-R, (C), as a 
mixed-list factor. The С pairs (new right and wrong items on List 2) 
were included as a baseline against which to assess the effects of specific 
transfer (Underwood et al.) for the Е pairs, As a control for possible 
confounding of pair difficulty in transfer, two sets of lists were con- 
structed such that the second-list E pairs in one set were the C pairs in 
the second set and vice versa. E 

'The Ss were 20 children enrolled in the West Virginia University 
nursery school who had not previously participated as subjects, The 
mean age of the children was 4.25. No child was older than 4 years 11 
months nor younger than 3 years 5 months. There were 10 boys and 
10 girls who were distributed approximately equally among treatments. 
The children were randomly assigned to treatments in blocks of four 
which were based on ranking in terms of chronological age. 


Procedure 

The pairs consisted of line drawings of familiar objects with no 
obvious formal and conceptual similarity. The lists involved four pairs 
in each of List 1 and List 2. The R and W items were randomly deter- 
mined, with the restrictions applying to identical E and C pairs between 
sets of lists, 

The pairs were presented manually one at a time at an unpaced rate. 
Children were urged to make a choice if they delayed more than 10 
seconds. The pairs were presented to Ss who responded by pointing to 
and verbalizing the R item. The Ss assigned to the verbalization treat- 
ment pronounced the R and W items on all lists before making a choice. 
If an incorrect choice was made, the correct item was identified. The 
serial order of the pairs as well as the left-right position of each item in 
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a pair was changed in a random fashion on each trial to prevent serial 
or position learning. The criterion for learning on each list was two 
successive correct trials. 

Prior to List 1, a practice list consisting of two pairs was presented to 
Ss to determine whether the instructions were understood. Following the 
practice list, Ss learned List 1 and List 2, and then relearned List 1. 
Following practice on List 1 and List 2, the Ss were told, “Now I want 
you to play the same game with some new pictures." 


RESULTS 


Inspection of the data indicated no obvious differences in difficulty 
between lists or between pairs assigned to E and C treatments and 
therefore list differences were omitted for all subsequent analyses. 


Acquisition 

The mean trials to criterion for the verbalization (V) and non- 
verbalization (NV) groups were 1.7 and 3.3, respectively, Ё (18) = 1.68 
p « 20. The same pronounced trend was evident when the number of 
errors to criterion was used as the dependent variable. Here the errors 
on Trial 1 were omitted because performance on this trial was attribut- 
able to chance. The mean errors for the V and NV treatments were 
1.3 and 5.0, t = 1.85, р < .10. Although not statistically significant, both 
dependent measures suggest faster learning when the children were 
instructed to pronounce the R and W items before making a choice. 


Transfer 


Learning also occurred rapidly on List 2. Figure 1 provides mean errors 
for E and C pairs at each of Trials 1-3. As may be seen, positive transfer 
was obtained; ie. performance on E pairs exceeded that for C pais 
for both V and NV treatments. Two statistical analyses of these data 
were performed. The first used errors on Trial 1 as the dependent 
measure while the second involved errors summed over Trials 1-2. The 
E/O main effect attained statistical significance in each analysis F (1,18) 
= 5.05, p < .05 for Trial 1, and F (1,18) = 7.31, p < .025 for Trials 1-2 
Neither the effect of verbalization nor the interaction approached sta- 
tistical significance in the analyses. Tt is interesting to note that positiv? 
transfer was obtained even though the children were not informed 0 
the relation between List 1 and List 2. 


Relearning 


The data indicated very rapid relearning with means of 0.1 and 07 
trials for the V and NV treatments, £ (18) = 1.76, p < 10. No differ 
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Fic. 1, Mean errors per trial for E and C pairs. 


ences were found in relearning between E and C pairs even though the 
differences in frequency units for R items (accumulated on List 1) 
and W items (accumulated on List 1 and List 2) could be expected to 
be less discriminable relative to the point immediately following original 
learning on List 1. 


DISCUSSION 

In general, the results do not support the applicability of frequency 
theory in its present form to discrimination learning in nursery school 
children. The data indicated a strong trend toward facilitative effects 
of verbalizing R and W items whereas pronounced inhibitory effects of 
this variable have been found in VD tasks when college students (Goulet 
and Hoyer, 1969; Kausler and Sardello, 1967; Sardello and Kausler, 
1967) or fifth-grade children (Goulet and Hoyer) have served as Ss. 

In turn, the present transfer data indicated pronounced positive trans- 
fer for Wi-R. pairs whereas Dean and Kausler, using а VD task and 
college Ss, have found inhibitory effects with the same paradigm and 
Under similar instructions to Ss. Frequency theory does imply that 


inhibitory effects should be manifest if Ss responded using Rule + E 


List-2 acquisition. Utilization of Rule 1 is functional on Lis › 

Would be expected to be transferred to List 2 if Ss were not informed 
Ec relation between the two lists. 

Û should be mentioned that the present study w: 

. à direct test of frequency theory. The theory is at pr 

| televan only for VD tasks which involve verbal stimuli 


as not designed as 
t present, directly 
(e.g., words). 
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In addition Ekstrand её al. have made no statements regarding the ap- 
plicability of the theory to children. On the other hand, frequency units 
could be assumed to accrue to the images of objects (pictures) in much 
the same manner as for verbal stimuli. Alternatively, frequency units 
could accrue to an implicit verbal label (e.g., the name of the picture), 
In the latter case, the frequency theory may not apply because nursery 
school children lack the relevant verbal labels (mediators). 

On the other hand, White (1963) has suggested that negative cues 
(W items) may serve a role as least as important as that of positive 
cues (R items) in discrimination learning of children. As mentioned 
above, the results obtained by Cross and Vaughter suggest the possibili 
of marked developmental trends related to the importance of positivi 
and \negative cues in the discrimination process. The use of transfer 
designs in the study of discrimination learning of children can assist in 
the determination of the relative roles of these cues. Comparisons of this 
nature may also assist in clarifying the different mechanisms involved 
in discrimination learning and transfer when different stimulus items 
(objects, pictures, words, ete.) are used. As mentioned above, the transfer 
data do provide some support for the assumption made by Cross and 
Vaughter that children approximately 4 years of age respond in dis- 
crimination learning on the basis of avoiding the incorrect response. 
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Absolute versus Relational Responding in Children 


WALTER І. PORTER 
George Peabody College 


Forty fourth-grade school children were trained on a two-choice bright- 
ness discrimination task using six different stimulus cards. Testing was done 
using the same shades of gray slightly rearranged to enable a response one 
way for a relational discrimination and a response the other way for an 
absolute-stimulus discrimination. After initial training and testing the 
Ss received an additional 60 training trials and were retested. The results 
lend evidence to suggest that the relational ys. absolute-stimulus interpre- 
tations of discrimination learning reflect corresponding learning strategies 
from the Ss habit-family hierarchy. 


The phenomenon of transposition has been the subject of a number of 
experimental studies having special interest centered around relational 
and absolute stimulus theories of discrimination learning (Kimble, 
1961). Research has provided evidence that organisms will respond either 
to the relational or absolute characteristics of the stimuli depending upon 
the parameters involved. Generally, relational responses will occur when 
stimuli are near on the stimulus scale (Ehrenfreund, 1952; Hunter, 
1953; Stevenson and Bitterman, 1955); when stimuli are presented 
simultaneously (Baker and Lawrence, 1951; Jackson and Jerome, 1940); 
and trials are spaced (Rudel, 1955). Moreover, for children there is 
evidence (Kuenne, 1946; Alberts and Ehrenfreund, 1951) indicating а 
developmental change in absolute vs. relational responding: the incidence 
of transposition increases with age. 

The tendency to respond to the relational or absolute-stimulus char- 
acteristics of a discrimination learning task may represent different 
strategies within the child’s habit-family hierarchy. The present experi- 
Ment was designed to study the reliability of these strategies—the con- 
sistency of absolute vs. relational responding—in a discrimination learn- 
Ing situation. 

The discrimination task was modeled after that used by Lawrence and 


"The author (now at the University of Miami), is indebted to Prof. Norman R. 
Ellis for his valuable guidance during the study. Gratitude is also expressed to Dr. 
M Knox McCharen, Principal of Peabody Demonstration School, for his coopera- 
tion in furnishing subjects. 
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DeRivera (1954). They trained rats on a successive discrimination task 
using eards with varying shades of gray on the top half and a common 
intermediate gray on the bottom half. For the three lighter shades of 
gray а response to the right was correct: for three darker shades of 
gray a response to the left was correct. Duing testing the seven shades 


of gray were paired together so that a response to one side was appro- | 


priate for a relational discrimination and a response to the other side was 
appropriate for an absolute diserimination. They found that 6596 of 
the choices were as predicted by relational theory. 


METHOD 


Materials. The stimulus materials consisted of cards of varying shades | 
of gray adapted from the Lawrence-DeRivera study. Mixtures of flat- | 
black and flat-white paint were used to obtain seven gradations of gray | 
(selected on a purely subjective scale) ranging from white to black | 
(numbered from 1 to 7 respectively). The stimuli used on the learning | 
task consisted of six cards. Each card had one of six shades of gray | 


(1, 2, 3, 5, 6, and 7) on the top half and а common intermediate gray 
(4) on the bottom half. Thus the cards varied from white over inter- 
mediate gray to black over intermediate gray as follows: 1/4, 2/4, 3/4 
5/4, 6/4, 1/4. 

During the test trials six additional eards were used with shades of 
gray as follows: 2/1, 3/1, 3/2, 5/6, 5/7, 6/7. For each trial a card was 
placed on a small apparatus allowing the S to respond to а right or 
left choice. The apparatus consisted ‘of a vertical plywood face, n 
inches wide by 10 inches high, attached to a plywood base. A window, 
3.5 inches wide by 4.75 inches high, was cut out of the center of the 
vertical facing. Two push-button switches were attached to the base 7 
inches apart: one on the right, one on the left. The base extended out 3 


inches toward the S. Pressing the correct button resulted in the sounding - 


of a bell; which acted as the reinforcement. The apparatus was paint 
with a elear varnish. 


Subjects. The Ss were drawn from fourth grade classes at the Georg? | 


Peabody Demonstration School. A sample? of 40 Ss, ranging in age from 
9 years 4 months to 10 years 3 months, and in IQ from 78 to 150 was 
used. The IQ information was obtained from their results on the Lorge 
Thorndike Intelligence Test which produced a mean IQ of 113 with à 
SD of 22. 

Procedure. Each S was invited to sit facing the apparatus at а small 
table across from E; and the following instructions were given: 


*From an original sample of 44 Ss, four were unable to reach the training [ure h 


terion by the end of 25 trial blocks (150 trials). 
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"You see these buttons. They will ring a bell. Here, try this one 
(demonstrating S's right button). Okay, now try this one (demon- 
strating S's left button). Now see this window. This will tell you 
which button to press. When something is in the window, one of the 
buttons will ring the bell but the other button won't ring the bell. 
When it is one way, one of the buttons will ring the bell; when it is 
the other way, the other button will ring the bell. Remember, what 
is in the window will tell you which button will ring the bell. Do 
you want to try to figure it out?" 


The six training cards were then presented in random order in the 
window of the apparatus. For cards 1/4, 2/4, and 3/4 a response to the 
left button rang the bell. For cards 5/4, 6/4, and 7/4 a response to the 
right button rang the bell. This allowed the S to respond to either the 
relational properties of the stimuli (top half lighter vs. top half darker) 
or to their absolute properties (light cards vs. dark cards). In order to 
eliminate position preference the training cards were presented in 
blocks of all six cards; randomization being within each block. The 
training criterion was two consecutive correct blocks (12 trials). 

When the training criterion was reached the 12 test cards were pre- 
sented at random to the S who was required to point (no reinforcement 
was given for any test card) to the button of his choice. The six training 
cards were presented upside down (4/1, 4/2, 4/3, 4/5, 4/6, 4/7) causing 
à response based on a relational discrimination to reverse sides while 
à response based on the absolute discrimination remained the same. 
The other six testing cards (2/1, 3/1, 3/2, 5/6, 5/7, 6/7) likewise re- 
quired an opposite response for a relational versus an absolute dis- 
crimination. 

Thus the procedure allowed the S to utilize one of two response stra- 
tegies. An appropriate response to the left for example, could be elicited 
whenever one or more of shades 1, 2, or 3 appeared (1/4, 2/4, 3/4 during 
training; 4/1, 4/2, 4/3, 2/1, 3/1, 3/2 during testing), or whenever the 
top shade was lighter than the bottom one (1/4, 2/4, 3/4 during train- 
mg; 4/5, 4/6, 4/7, 5/6, 6/7 during testing): thus representing the ab- 
solute and relational strategies, respectively- 

‚ After the initial test trials (T-1) the S returned to training and con- 
tinued for ten blocks of trials (60 trials). The S was then retested (T-2) 
using the same procedure. 


RESULTS AND DISCUSSION 


The results obtained from T-1 and T-2 are illustrated in Figure 1. The 
figure clearly reveals the bimodal character of the distributions; lending 
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RELATIONAL RESPONSES 


Fia. 1. Number of subjects producing relational responses on the two test series, 


support for the contention that the Ss tended to employ either a relational 
or an absolute strategy. The middle portion of the distribution (arbi- 
trarily set from 3 to 9 inclusive) represents those Ss whose test behavior 
(e.g., position preference, response alternation) was inconsistent with the 
relational-absolute dichotomy of interest. 

Examination of the test series data revealed that the S sample could 
be classified into four response groups (see Table 1) as follows: (1) 18 
Ss (R) who were consistent in responding to the relational qualities of 
the stimuli (10 to 12 relational responses on each test), (2) nine 
(A) who were consistent in responding to the absolute qualities of the 
stimuli (zero to two relational responses on each test), (3) five $8 @ 
who shifted from a consistent absolute strategy (zero to two relation? 
responses on T-1) to a consistent relational strategy (10 to 12 rela- 
tional responses on T-2), and (4) 13 Ss (U) who were unstable 0! 
inconsistent on either or both test series (three to nine relational 1€ 
sponses). There were no Ss who shifted from a relational strategy 0? ^^ 
to an absolute strategy on T-2. Thus, on T-1 there were 13 Ss with à 
relational strategy (group R) and 14 Ss with an absolute strategy 
(groups A and 8); on T-2 there were 18 Ss with a relational strategy 
(groups R and S) and nine Ss with an absolute strategy (group A). The 
difference, of course, was a result of the changed strategy of group * 

The initial learning performance of the four response groups is ШШ 
trated in Figure 2. Analysis of variance caleulations were made comparing 
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TABLE 1 
MEDIANS AND RANGES or RELATIONAL RESPONSES 

Group N Test 1 Test 2 
Group R 13 

Median 11.69 11.87 

Range 10-12 11-12 
Group S 5 

Median 1.25 12.00 

Range 0-2 12-12 
Group A 9 : 

Median 1.60 0.25 

Range 0-2 0-1 
Group U 13 

Median 4.25 5.75 

Range 0-9 1-12 


groups, S, A, and В on both trial-blocks to criterion scores and error 
Scores from the initial training trials data. There were no significant 
trial-blocks to criterion differences, F (2/24) = 2.85. However, there were 
significant error differences, F (2/24) = 3.35, p < 05. Further analysis 
revealed that group A had a significantly higher mean error than group 
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Fic. 2. Initial learning performance for the four response groups. 


*The excessive variance of the group U data, plus the “residual” nature of the 
Category, led to its exclusion from the analysis of learning behavior. 
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В. No other differences were significant. Although the trial-blocks to 
criterion differences were not significant, the significant results of the 
error analysis together with the appearance of the learning curves sug- 
gests that the solution of this particular discrimination task is achieved 
more efficiently when Ss use a relational strategy. 

The mean IQ scores for the four response groups differed as follows: 
(1) group R = 117, (2) group A= 112, (3) group S = 133, and (4) 
group U = 103. An analysis of variance test of these differences pro- 
duced a significant F ratio, F (3/36) = 3.09, р < .05. Further analysis 
revealed that the mean IQ score for group S was significantly greater 
than both those of groups A and U. No other differences were significant. 
Thus, considering all of the Ss with an absolute strategy on T-1, those 
who changed (group S) to a relational strategy on T-2 had a significantly 
higher mean IQ than those who did not change (group A). There was 
no significant IQ difference between the two groups (R and A) whose 
strategy was consistent from T-1 to T-2. 

These results together with those of past research indicate the possi- 
bility of developmental changes relative to the use of these strategies 
(absolute or relational) in the solution of ambiguous discrimination 
problems such as the one employed in the present experiment.* It is sug- 
gested that younger preschool children tend to employ an absolute 
strategy while older preschool children, with increased language facility, 
prefer a relational strategy: continued development, with increasing 
response flexibility, tends to preclude either strategy as a preference. 

It is, therefore concluded, that in the present experiment (1) either 4 
relational or an absolute strategy was appropriate for the solution of the 
discrimination learning problem, (2) the initial probability (for the Ss 
employed) of selecting either strategy was about .50, and (3) the 
brighter children with an initial absolute strategy tended to notice the 
greater efficiency of the relational strategy and adapt accordingly. 
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Facilitation of Repeated Free Operant 
Discrimination Reversals" 


Кіснавр P. TorsTER 
University of Miami 


AND 


J. S. BIRNBRAUER 
University of North Carolina at Chapel Hill 


Two experiments are reported which studied the effects of several p 
eters on responses after discrimination reversals, “errors,” by retard 
jects. In Exp. 1 fixed-ratio and variable-ratio schedules of reinforéem 
and access to a switching key were investigated. In Exp. 2 the effects û 
schedule change (FR 25 to FR 1) prior to reversal and а “count” of. 
reinforcements to reversal were studied with a design which pel 
determining the effects of both variables simultaneously. Both experimen! 
showed the diminution of errors after repeated reversals that has b 
reported in other studies of discrimination reversals and “learning 
Access to a switching key resulted in reliably fewer errors in three of 
subjects but many errors in excess of the ratios nevertheless were emil 
The number of responses after reversals may exceed FR schedules in 
relationship to the value of the FR—the higher the FR, the gresi 
number of responses in excess of the ratio, Schedule change prior to 
and regularity in programming reversals resulted in errorless switching. 


If in a simple discrimination task the S? and S^ are repe 
versed, a common finding is a decrease in “errors” (responses {0 
previous S") to some asymptotic value. This finding has been 
in both diserete trial (Longnecker, 1964; Plenderleith, 1956; Н 


* Experiment 1 was supported in part by NIMH Research Grant M2232 
Bijou, Principal Investigator) and was conducted at Rainier 
Washington, while the second author was on the staff of the University 
ington. Thanks are due 8, W. Bijou, Robert Orlando, Russell M. Tyler, 
faithful research assistants who don't wish to be reminded of the many h 
Experiment 2 was submitted in partial fulfillment of the senior К 
requirements at the University of Miami and was supported in part by | 
project grant MH 14914 and conducted at Murdoch Center, Butner, North © 
The contributions of Drs. Marshall R. Jones, Robert Allen, and 
gratefully acknowledged. The authors would also like to thank Jack 8 
Edward Malagodi for their helpful suggestions. 
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1959) and free operant studies (Deterline, 1960; Long, 1963). One 
variable affecting the level of the asymptotic value of errors is, of 
course, the schedule of reinforcement. For example, an FR 10 schedule 
requires ten responses after a reversal before the new contingencies are 
contacted. If S switches and responds to the previous S^ after only ten 
responses, an errorless reversal is described. (While the terms “reversal” 
and “switch” are often used interchangeably, the authors will use 
“reversal” to describe a change in contingencies and “switch” to describe 
8s’ behavior.) 

The purposes of the present studies were to analyze some variables 
influencing the asymptotic level of errors after experiencing many re- 
versals and to effect errorless discrimination reversals in a free operant 
situation. While there have been numerous studies using a discrete trial 
design (Ellis, 1958; Girardeau, 1959; House and Zeaman, 1959; Mackin- 
tosh, 1965; Shepard, 1957; Sperling, 1965) few systematic free operant 
investigations have been reported, 


EXPERIMENT 1 

One objective of this study was to determine the effects of giving S the 
opportunity to choose discriminative stimuli by pressing a “choice key.” 
When the “choice key" was available, S could switch from 8° to 8° or 
vice versa at any time. When it was not accessible, S had to “wait 
out” S^ periods. The second objective was to determine the rels- 
tionship between the size of the fixed-ratio schedule of reinforcement 
(FR 15, 38, and 100) and the number of responses emitted before switeh- 
ing after reversal. The third objective was to compare responses before 
switching when the schedule of reinforcement was a variable ratio (VR) 
with that when FR was in effect. 


Method 


Subjects 


The four subjects described in Table 1 were selected from the train- 
able and educable groups at Rainier School, Buckley, Washington. The 


TABLE 1 
CHARACTERISTICS or S8 

———————————Á— ———————- 

8 Sex CA 19 Ten 
НАЕ e Т —_ 

GM M 18 00 WAIS 

MT F 25 55 PPVT 

J8 F 23 35 РРҮТ 

в8 M 17 61 PV 
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Ss manifested no visual or motorie handicaps that would interfere with 
discriminating the red and green stimuli or operating the response lever 
or key, and were, by reputation, reliable and cooperative. 


Apparatus 


The study was conducted in а 7 X 7 foot sound-controlled room. The 
experimental equipment consisted of: (1) an easily operated chrome lever 
made from a squeeze mop handle; (2) a reinforcer chute and catcher to 
the right of the lever; (3) a white jewel light mounted on the reinforcer 
chute; and (4) a telegraph key to the left of the lever. A one-way glass 
and a 7 X 13 inch milkglass panel were mounted on the wall directly 
above the level. Relay circuitry and response recording equipment were 
located in an adjacent room. [The laboratory is described in more detail 
in Orlando and Bijou (1960); Orlando, Bijou, Tyler, and Marshall 
(1960).] 

The jewel light was illuminated at the instant of reinforcement, and 
stayed on for the 1.5 seconds that reinforcer delivery required. The 
reinforcers at first were pennies, assorted candies (M & M's, candy com, 
jelly beans) or a mixture. Later, beads were delivered during the session 
and these were exchanged at the end of each session for pennies, candy, 
trinkets, or any combination S selected. 

Red and green lights were mounted behind the milkglass panel. These 
were correlated with reinforcement (S?) and extinction (S4). The panel 
appeared gray when neither light was on. 

Operation of the telegraph key (referred to as the choice key) moved 
the stepping relay which controlled the color of the panel one position. 
From one to three presses of the choice key were required to change from 
green to red or vice versa, During *no choice" phases а gray box Was 
screwed in place over the choice key to make it inaccessible. 


Procedure 


At the beginning of the first session the choice key was not accessible 
and the panel light was the color of S? for that S. The E seated S before 
the equipment and gave instructions and a demonstration that pressing 
the lever would produce candy (pennies). The E pressed the lever five 
times at a rate of approximately two responses per second, took the 
reinforcer and said, “Now you try it.” After the subject had received 
one reinforcement on FR 5, E left the room with the comment, “Get 
lots of candy (pennies) and ТЇЇ be back when it’s time to go.” On sub- 
sequent sessions E repeated the final comment. Nothing was said about 
reversals or schedule changes. 

When the choice key was first uncovered, S was shown that it con- 
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trolled the lights and was told that he could use it “if you don’t like the 
color of the lights.” Nothing was said about its inability to influence 
the gray condition and the instructions were not intended to either en- 
courage or discourage choice responses. The no-choice condition was 
reinstated without comment by replacing the box covering the key. 

The first step in the procedure was to teach S not to respond during 
S^. This was done after the “rapid acquisition” procedures described by 
Bijou and Orlando (1961). The procedure consisted of reinforcing the 
subject three to five times in the presence of S? and then changing to 
Б^. S^ remained in effect until S stopped responding for a required length 
of time (e.g., 5 seconds). Then, SP was presented. The pause in respond- 
ing required in S^ was gradually extended and the cycle continued until 
8 stopped responding with the onset of S^ but was responding steadily 
during 5°. Meanwhile, the schedule of reinforcement was increased grad- 
ually to the initial value selected for study. Finally, the time controlled 

”-S sequence began. (One S, JS did not respond to the rapid aquisition 
procedure. During her first 25 sessions she sporadically emitted responses 
to S^. Consequently, the choice key was made accessible as a last effort 
to improve her accuracy.) 

The sequence of conditions was 90 seconds of SP or S^ alternating with 
15 seconds of gray light. In the terminology of Ferster and Skinner 
(1957) the baseline was a time-controlled Mult FR or VR (S^) TO Ext 
(8^). The order of S? and 8^ was random except that S? was always in 
effect when S entered the laboratory and neither S" пог S^ could occur 
more than three times in succession. The session duration varied from 
20 to 40 minutes depending upon S's performance. Similarly, the type 
of reinforeement was changed when this step appeared necessary to 
maintain steady responding. 

After S acquired the initial discrimination, reinforcement was discon- 
tinued in S? and programmed during S^ without warning or disruption 
of the light sequence. By flipping a switch the stimulus panel light that 
signified S^ was correlated with extinction and the light that signified 
extinction became correlated with reinforcement. Thereafter, reversals 
Were presented repeatedly. The number of response-free S^ periods Xm 
quired between reversals was varied irregularly from two to six with 
occasional longer periods. The minimum criteria for reversal were: (1) 
responding steadily after the onset of S and (2) no lever responses in 
S4 for two consecutive S^ periods. Reversals were programmed so as to 
Prevent Ss from coming under the control of the schedule of reversals 
and to obtain a situation in which nonreinforeement was the only cue 
that a contingency change had taken place. 

Responses emitted during the first 90-second S* period after reversal 
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TABLE 2 


SEQUENCES or CONDITIONS AND RESULTS 


Responses to switch 


Subject Sessions- Last 
schedule reversals reversals Median Range 
GM 
FR 38 NC 30-25 7 88 72-108 
VR 38 NC 23-27 zÀ 196 88-328 
FR 38 NC 10-10 7 124 92-276 
FR 38 16-45 1 88 56-108 
FR 38 NC 10-07 7 132 84-192 
FR 38 04-07 7 84 60-108 
FR 38 NC 13-12 7 120 84-144 
FR 38 02-06 6 80 52-108 
FR 100 11-17 1 199 100-324 
Conditions omitted — — — — 
FR 15 05-21 7 63 45-132 
MT 
FR 38 NC 08-13 7 136 108-252 
FR 38 15-24 7 96 56-152 
FR 38 NC 03-06 6 212 120-300 
FR 38 04-06 6 54 36-068 
FR 38 NC 08-12 7 116 84-196 
FR 38 04-07 1 68 42-104 
Conditions omitted I 
FR 100 06-11 7 192 130-293 
J8 
FR 100 35-41 1 352 328-304 
FR 38 19-49 4 112 80-160 
FR 38 NC: 10-05 5 212 188-240 
FR 38 03-10 7 116 96-128 
FR 38 NC 08-04 4 154 136-232 
FR 38 03-07 7 92 68-104 
VR 38 06-13 1 120 76-264 
FR 38 06-13 1 112 76-140 
VR 38 07-14 7 136 112-208 
FR 38 11-28 7 104 92-155 
FR 100 10-19 7 279 172-884 
FR 38 08-15 7 126 96-152 
VR 38 06-11 7 162 104-220 
BS 
VR 38 NC 15-18 7 192 104-264 
FR 38 NC 11-25 7 108 92-200 
VR 38 NC 04-06 6 122 100-140 
FR 100 NC 08-13 7 260 240-280 
FR 38 NC 07-12 7 116 84-156 
FR 38 07-11 7 64 48-232 
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TABLE 2 (Continued) 


Responses to switch 


Subject Sessions- Last 

schedule reversals reversals Median Range 
FR 38 NC 02-04 4 64 60-072 
FR 38 06-11 7 67 52-144 
VR 38 12-23 7 84 58-132 
FR 38 08-11 7 65 58-100 
Conditions omitted — = — "=й 
FR 100 NC 07-12 7 211 151-309 
FR 100 06-20 T7 196 154-217 
FR 100 NC 03-11 Т. 168 126-296 


* Choice key not accessible. 


were the data of focus and are referred to as "responses to switch." 
(Several examples appear in the cumulative records in Figures 1, 2, and 
3. Responses to switch are those emitted in the interval below the reversal 
number.) Responses in the first interval seemed to provide the least 
confounded measure of sensitivity to the schedule of reinforcement. 

When the number of responses to switch stabilized ; le, ceased to 
show an increasing or decreasing trend, the experimental conditions were 
changed. These remained in effect until S's responses to switch leveled 
off; then other conditions were instated. Each S was his own control and 
within-S replication of effects was the aim (Sidman, 1960). 

The schedules tested which yielded consistent and reliable data and 
therefore will be reported were: FR 15, FR 38, VR 38 (range 4-72), 
and FR 100. Table 2 shows the sequence of conditions for each S. Since 
the choice key was present most of the time, schedules with the choice 
key absent are designated NC (“no choice”). The order of schedules 
differed among Ss, not all Ss contacted all conditions and there were 
wide variations in the number of reversals and sessions per condition. 
These variations reflect the fact that changes in conditions were con- 
tingent upon S's performance. In general, high numbers of reversals 
reflect instability, a persisting trend or an effort to determine if pro- 
longed contact with а schedule would have an effect. Low numbers mean 
that a change in conditions had no effect or a change reinstated per- 
formance similar to that obtained earlier under the same schedule. 


RESULTS 


Table 2 summarizes the findings. The results of the main comparisons 
will be presented after some remarks about the performances the various 
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schedules generated and the effects of changes in conditions, This should 
help clarify the design and procedures. 

The cumulative records in Figures 1, 2, and 3 exemplify general char- 
acteristics of the Ss’ multiple schedule performance after experiencing 
several reversals. Response rates in SP were generally high and steady 
and were not affected by reversals (Figures 1, 2, and 3, R), schedule 
changes (Figure 2, record 112, and Figure 3, records 35 and 56) and the 
removal of the choice key (Figure 2, record 54). TO control also was 
not affected by changes or reversals and responding during the 15-second 
time-out periods was very unusual. (Figure 1, GM's right record, in- 
cludes one of the exceptions.) 
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Fo, 2. Record 54: The short-term effect of change from multiple FR 38 TO гар 
to FR 38 TO EXT NC. JS was removed from the laboratory while the choice РА 
Was covered at the arrow. Record 112: Perfect avoidance of 8% and steady rd 
responding unaffected by change from FR 100 to FR 38 at R 203. This recoi 
characterizes the performance of JS, MT, and GM with the choice key. 

Figure 1 shows final performances of GM and MT on FR 38 with bs 
choice key present and with it absent (FR 38 NC). These Ss oe 2 
(Figure 2) consistently emitted choice responses Very quickly a " 
appeared, thereby “keeping themselves in" S? and made errors" only 
When the contingencies were reversed. BS, in contrast (Figure 3, record 
56) maintained alternation of S? and S^ by emitting choice responses. 


He, too, made “errors” infrequently. 
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Figure 2, record 54, FR 38 NC, shows the high incidence of S4 
ing after reversal found in the records of all Ss at first. JS w. 
in that S^ responding persisted during NC. The record also shot 
S^ rates like S? rates were high, steady, and affected little by 
Response "runs" with abrupt cessation are typical of extinction. 
FR reinforcement; the failure of variables to influence rates m 
by ratio schedules is also not uncommon (Ferster and Skinner, 

The effects that emerged were seen in the total number of le 
sponses emitted in S^ periods. Hence, the results are in terms of 
to switch. 


reioonc [ra зане 


еа (= 


îl PM 


EST кок x 


Fic, 3. Record 35 (recorder running at half-speed): Terminal perfo 
Multiple FR 100 TO EXT NC and first reversal (R 63) after reins 
FR 38 NC. Record 56 (normal Speed): Terminal multiple FR 38 TO ` 


BS 35 


Influence of Choice Key 


Figure 4 summarizes the performance of each S when the ch 
was accessible and when it was not (NC). Three of the Ss con: 
emitted more responses after reversals and tended to be more 
in the NC condition. Although the opportunity to escape S^ and 
S? improved performance, the Ss generally emitted conside 
responses to switch than the 38 required to contact nonreinforee 
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Note that after contact with VR 38 (Figure 4a) GM's FR 38 NC re- 
sponses to switch inereased and the choice procedure restored perform- 
ance to its original level. 

The fourth S, BS, with FR 38 in effect, showed greater variability 
when the choice key was present; essentially the same results were 
obtained later with FR 100. BS acquired a chain of switching from S? 
after an S? period and switching from S^ after an S^ period as seen 
in Figure 3, record 56. 


GM 3 
*no choice 
choice 


Median Responses to Switch 


Fia. 4, Median and range of responses before switehing with and without the 
choice key. The horizontal line indicates the schedule, GM experienced reversals 
With VR 38 in effect, at a, The X's on BS’ range lines indicate the upper limit of the 
Tange if one reversal were excluded. 


Excluding BS, the choice procedure was also the more efficient, one. 
The criterion for reversal, no lever pressing for two consecutive S^ 
Periods, was met sooner when the choice key was present. For example, 
less than one reversal per session was programmed for GM during 
FR 38 NC; from two to three reversals were programmed when the 
Choice key was present (Table 2, GM). JS, during FR 38 NO, ET ie 
Criterion so infrequently that these conditions were discontinued with 
only a few reversals each time the condition was presented. With the 
choice key present, stimulus control of JS’ behavior was perfect (Figure 
2). The emission of a choice response in the presence of S* is, of course, 
^5 good an indicator of a discrimination as “waiting out” R^, 


Influence of Schedule Value 


The differences between the overall medians on each schedule and 
the Value of the fixed ratio or the mean value of the variable ratio SUDO 
n Table 3. Without exception the number of responses to switch in 
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TABLE 3 
DIFFERENCES BETWEEN RATIOS AND OVERALL MEDIAN RESPONSES 


Subject No. of 
schedule reversals Median Range 
GM 
FR 15 7 63 45-132 
FR 38 20 84 52-108 
FR 38 NC 28 122 72-276 
VR 38 NC T 196 88-328 
FR 100 7 199 100-324 
MT 
FR 38 20 68 36-164 
FR 38 NC 20 136 84-300 
FR 100 7 192 130-293 
JS 
FR 38 42 112 68-160 
FR 38 NC 9 183 136-240 
VR 38 21 136 76-264 
FR 100 14 315 172-384 
(7° 279 172-384 
BS 
FR 38 21 65 48-232 
FR 38 NC 18 108 60-200 
VR 38 7 84 58-132 
VR 38 NC 13 157 100-264 
FR 100 7 196 154-217 
FR 100 NC 21 211 126-309 
(14 187 126-309 


* First contact with FR 100 excluded. 


excess of the ratio was higher for FR 100 than FR 38. GM, he 
did not more closely approximate FR 15 than he did FR 38. 

Without exception the median number of responses to switch on 
was greater than on FR 38 with JS yielding the most reliable diff 
Figure 5 shows that she responded after reversals more often al 
unpredictably with VR 38 in effect. Confidence in the reliability 
effect is enhanced by the fact that the last two measurements were 
after extended contact with FR 100. While the other Ss showed th 
relationship between VR and FR, the differences were not a8 
There was considerable overlap in the ranges of responses t0 | 
Note also in Table 2 that BS’ final responses to switch on VR 38 
quite similar to his FR 38 performance. | 

Table 3 reiterates that NC produced more responses to swite 
the corresponding choice condition. In fact, fixed-ratios with no 
generated more responses to switch than the corresponding Vf 
ratios when the choice key was present. 
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Median and 
Range of Responses to Switch 


Reversals 


Fio. 5, Median and range of responses before switching with FR 38 and VR 38 
for JS. 


DISCUSSION 


Access to a switching key yielded reliably fewer “errors” than the no 
choice, “waiting out S^" procedure. It appeared, especially in the case of 
JS and clearly not in BS’ case, that teaching S to do something in extinc- 
tion enhanced S's “ability to discriminate” visual stimuli, Switching out 
of S^ into 8° and not vice versa, by definition, indicates that with 
each reversal the stimulus discriminative for extinction became a 
hegative reinforcer and that the stimulus discriminative for reinforce- 
ment, a positive reinforcer. Access to the choice key, however, did not 
result in similarly perfect discrimination of the number of responses to 
reinforcement. 

Although variable ratio schedules of reinforcement generally resulted 
in higher and more variable responses to switch, the differences between 
VR and FR were often not large and diminished with repeated exposures. 
It also seemed that schedule effects endured for some time after the 
schedule had been replaced by another. Thus, a definitive eee val 
Tequire even longer exposures to a given schedule than were provided in 
this study and/or returning Ss to a constant level of performance 
between exposures to the schedules of primary interest. Bor Беара 
Опе might separate schedules with another which is quite different, 
Such as FR 100, between FR 25 and VR 25. The suggestion being made 
is that VR 25 after FR 25 may generate a different steady state than 

R 25 not immediately preceded by FR 25. The range of the VR, of 
course, must, be taken into consideration. 
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"The order of schedules is a variable worthy of manipulation also with 
regard to the results of the FR comparisons. The number of responses 
to switch in excess of FR 100 was greater than the number exceeding 
FR 38 but the latter did not generate greater excess than FR 15, the 
last schedule GM contacted. Thus, the shape of the function is a matter 
for conjecture at the moment. It could be that the function is direct 
above some point. On the other hand, it is reasonable to suppose that 
closer approximation to FR values regardless of magnitude will be 
obtained if lower FR’s are contacted first. Under these circumstances 
the excess actually might be constant across FR's. Another factor that 
might account for the increase in discrepancy between responses to switch 
with FR 38 and with FR 100 is rate of responding. The rates of these 
Ss, however, did not vary with schedules. Ellis, Barnett, and Pryer 
(1960) also reported that FR 100 produced rates similar to FR 25. A 
second explanation is that the increase resulted from fewer contacts with 
reinforcement on FR 100 than FR 38. That is, the difference might be 
eliminated by equating the number of reinforcements on each schedule. 
This possibility cannot be ruled out since reinforcements were not equal, 
but the likelihood is diminished by the fact that schedule changes were 
based on performance rather than time-on-schedule. 

A variable which should have considerable bearing on the generality 
of these results to other humans is the S's experience with counting. 
Although the present Ss were sensitive to the relationship between the 
number of lever presses and the occurrence of reinforcement, if they 
were counting responses, they were doing so quite inaccurately. J8, 
whose errors exceeded the ratios most, could not count at all. 


EXPERIMENT 2 


In view of the greater efficiency of the choice key condition in Exp. 1 
and other consistent results (Oatley, Bryant, and Tinson, 1965) a simul- 
taneous or concurrent Operant procedure was followed in Exp. 2. Also, 
one experimental manipulation was applied to reversals from one color 
to the other (ie. green-to-red reversals) while another experimental 
manipulation was applied to reversals from the second color to the first 
(i.e., from red to green). This design change permitted the development 
of two baselines (red-to-green reversals and green-to-red reversals). 

One objective was to determine the effects of a fixed number of rein- 
forcements prior to a reversal upon switching (“count”). The seco nd 
was to see if a schedule change, specifically from FR 25 to FR 1j 
prior to reversal, could function as a discriminative stimulus for switch- 
ing. The design permitted both of these questions to be answered 8 
the same time. 


| 
| 
| 
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Method 


Subjects 

Three retarded boys who were residents of Murdoch Center, Butner, 
North Carolina, served as subjects. None exhibited sensory difficulties 
which would have interfered with their performance. Table 4 presents 
S characteristics. 


TABLE 4 
SUBJECT CHARACTERISTICS 
Subject CA IQ Test 
M-1 12-2 58 PPVT 
M2 11-2 65 PPVT 
М-3 10-6 81 Stanford-Binet 


Hxperimental Setting and Apparatus 


The experimental setting consisted of a subject room and adjacent 
Control room similar to that described in Exp, 1. The subject’s room 
housed two panels separated by a reinforcement delivery tray. Each 
panel consisted of a translucent glass window above a Lindsley Manipu- 
landum, Each window covered a red and green 25-watt bulb which 
Served the same function as in Exp. 1 and, depending upon the contin- 
gencies, the panel was either green or red. Reinforcers were small brass 
Goins which were traded for М & М candies at the end of each session 
9n approximately a 3-coin to 1-M & M ratio. 


Procedure 


i Both red and green lights were present, one color on each panel, at alt 
times except after reinforcement. Responses to the bar under the 8 
light were not reinforced, while bar pulls under the 8? delivered a coin 
On FR 25. Five seconds after reiiforcement, the panel lights came on 
again with the same color on the same panel or on the alternate panel. 
he position of red and green lights randomly alternated from the left 
to the right panel. 

he experimental phases were as follows: 

. Phase I. In the first session, S was told to pull the bar under the red 
light and then the bar under the green light. Responses to the green 
light were reinforced with a coin on FR 1. After delivery of the first 
coin, S was told that this was like “money” and he could buy M & M 
Candies at the end of the session. " 

Phase II, After S was pulling only the bar under the green light, the 
reinforcement schedule was gradually increased from FR 1 to FR 25. 
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Phase III. Reversal baseline. After eight reinforcements on FR 25 to 
the green light with no S^ responses, the stimuli were reversed so that 
red was correlated with FR 25 reinforcement. After the first reversal, the 
stimuli were repeatedly reversed after four, five, six, seven, or eight re- 
inforcements randomly programmed. If S responded more than ten times 
to the S^ during a sequence of, for example, six reinforcements, the cri- 
terion number of reinforcements to reversal was reset to six. 

Phase IV. The FR 25 schedule on red SP became a mixed FR 25 FR 1 
with the FR 1 programmed for three reinforcements prior to reversal. 
When S? was red, the subject received three coins in succession (FR 1) 
after criteria for reversal were met on FR 25. The five-second TO period 
followed each coin delivery as usual. Then the stimuli were reversed. 

Phase V. After a new baseline appeared, reversals from green to red 
(G-R) were programmed to occur after every fourth reinforcement on 
FR 25. Thus, the discriminative stimulus for red-to-green (R-G) ге 
versals could be the interpolated FR 1 for three reinforcements (Phase 
IV) and the discriminative stimulus on G-R reversals could be the 
“count” (Phase V) of four coins. 

Phase VI. The FR 1 and “count” were removed. (Same as Phase Ш) 

Phase VII. The FR 1 on R-G reversals and the “count” on G-R were 
reintroduced. (Same as Phase V.) 

Following Sidman's suggestion (1960), all experimental changes were 
initiated within an experimental session to control for any intersession 
variability and/or initial ^warm-up" effects. 


RESULTS 


Development of Reversal Baseline 


One 8 reached the criterion of eight consecutive reinforcements 0n FR 
25 with no responses to S^ in the first session. The other two 88 (M2 
and M3) alternated between the S? lever and S^ lever before responding 
only to the S? lever. M3 ceased alternating during the fourth session 
without any intervention; M2 ceased this behavior after Æ entered the 
room and said, “What color light is that?”, each time M2 pulled the bar. 

All Ss made a large number of errors after the first reversal, DU 
achieved a low error rate rather quickly. Records A, D, E, and Go 
Figure 6 show responding after the first stimulus reversal. (In the figures 
all responses moved the cumulative response pen; S^ responses Вр, 
recorded on the base or event line.) M1 and M3 (Records А, G switche 
and began responding to the new S? with very little disruption in rate, 
whereas, M2 (D and E) switched after long periods of no responding: 
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Fic. 6. Representative cumulative recordings for early reversals and the reversal 
baseline. All responses moved the cumulative recording pen. Event pen marks show 
S* responses, Each pen reset, unless marked NR, indicates a reversal (as do recen 
numbers R1, R2, also). Records A, B, D, E, С, and Н show early reversal behavior; 
Tecords C, F, and I show later and final reversal baseline performance for the 


three subjects. 
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9 G—R REVERSALS 
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REVERSAL NUMBER 
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Fig. ersals f 
7. Total number of S^ responses after revi Í responses necessary to 


Phase III. The dotted line at 25 indicates the number o 
Contact reversal on the FR 25 schedule. 
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Records B, C, E, F, Н, and I show early and late examples of the 
reversal baseline for the three Ss. Reduction in errors was quite rapid 
over the first four reversals, but sufficient stability for the purposes of 
this study was not achieved until 70-90 reversals had occurred. The 
variability can be seen best by referring to the S^ responses (Figure 6, | 
baseline hatch marks and Figure 7). 

Two comments about the variability in these baselines are pertinent 
here. First, only M3 showed clear evidence of discriminating the 25 
responses that preceded reinforcement. Note the nearly “errorless” 
reversals—7, 8, and 39-42. Erratic responding, especially evident in 
M2’s o in Figures 6 and 7, was often a result of switching to S* 
before a stimulus reversal was programmed (“premature switching"; 
e.g., points a and b in record Е of Figure 6). In fact, M3 made a cor- 
rect ^premature switeh" with zero errors (Reversal 26). Finally, there < 
was no reliable difference between green-to-red (G-R) and red-to-green 
(R-G) reversals. 


Interpolated FR 1-Phase IV 


Figure 8 summarizes the number of errors made before switching by 
MI in Phases IV and V. The first four points (Reversals 94-98) are 
baseline behavior immediately after the data for M1 shown in Figure 


100} Ww 
vir 9 G—R REVERSALS 
T © R—G REVERSALS 


TOTAL R* TO S^ AFTER REVERSAL 


REVERSAL NUMBER 


Fia. 8. Number of S* responses after reversal for М1 in Phases IV and V. At 
FR 1 for three reinforcements was introduced prior to R-G reversals and at V 
reversing after every fourth reinforcement was introduced on G-R reversals, Th 
first five reversals (94-98) show the Phase III reversal baseline. 


| 
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7. At IV, FR 1 was programmed immediately before reversal from red 
S? to green SP. 

The first time M1 received three reinforcements on FR 1 prior to 
reversal (Figure 8, IV) he emitted an unusually high number of errors. 
Thereafter, M1 switched immediately; reversals were perfectly controlled 
by the interpolated FR 1. 

This result was confirmed by M8’s performance (Figure 9). The 
difference between the findings for M3 and M1 was that M3 required 
three reversals before coming under the control of the interpolated FR 1 
and premature switching was not entirely eliminated, e.g., Reversal 103. 


sol о G—R REVERSALS 
* R—G REVERSALS 


TO S^ AFTER REVERSAL 
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| 
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REVERSAL NUMBER 
Fic. 9. Number of S* responses after reversal for МЗ in Phase IV. FR 1 denn 
reinforcements was introduced on R-G reversals at IV. The first five rev 
(72-76) show the reversal baseline of Phase Ш. 


M2’s performance (Figure 10) on the other hand, was much less pre- 
dictable. He did not come under good control of the interpolated FR 1 
schedule until approximately 40 reversals had been experienced. Phase 
V was begun anyway because, in general, R-G reversals were followed 
by significantly fewer errors than G-R reversals. 


Regular Scheduling of Reversals—Phase V 
This change was made at V in Figures 8 and 10.* Both Ss demonstrated 
by their performance that regularity of scheduling a reversal (a "count 


* M3 left the institution prior to Phase V. 
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TOTAL Rs TO S^ AFTER REVERSAL 
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Fic. 10. Number of S^ responses for M2 in Phases IV and V. At IV 
introduced on R-G reversals and at V G-R reversals occurred after e 
reinforcement. The first five reversals (91-95) show the Phase III revers 
of four reinforcers) could also be a powerful determiner of e 
Switching. 4 


Retrieval of Baseline апа Replication of IV and V » 
Figure 11 shows the S^ responding of M1 in Phases VI and 
versals 154-160 are a continuation of Phase IV and V cont 
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LIirgirilllll 


200 


LLLLLILJ) LLL 
154 160 169186 190 


REVERSAL NUMBER 


Fic. 11. Number of S^ responses for M1 in Phases VI and VII. At V 
line or Phase ПІ conditions were reinstated. At VII, Phases IV and ` 
the “count” of four reinforcements) were reintroduced on R-G and СЕ 
respectively. 
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At VI, the interpolated FR 1 and the regular programming of reversals 
were removed, re-establishing the baseline contingencies of Phase III. 
There was an immediate increase in errors followed by a recovery of the 
baseline (Reversals 186-196). While it appears that S was making some- 
what fewer errors оп G-R reversals than on R-G reversals in Phase VI, 
the number of responses to switch was highly similar to Phase III. 

Reinstatement of the interpolated FR 1 on R-G reversals and reversals 
after a fixed number of reinforcements on G-R reversals almost im- 
mediately produced the near-perfect control achieved in Phases IV 
and V. 

The performance of M2 in Phases VI and VII corroborates the effecta 
shown in Figure 11. In Phase VI, М1% median errors were 46 (range 
0-255) and M2’s, 48 (range 0-196). In Phase VII, the medians were 0 
(range 0-124) and 3 (range 0-52) respectively. M2, again, required 
more reversals than M1 in both Phase VI and Phase VII. 


DISCUSSION 


All of these retarded subjects demonstrated “learning set” (Harlow, 
1950) by emitting fewer errors after repeated reversals. Although many 
reversals were required before responses to switch were sufficiently pre- 
dictable to be used as baselines, sizeable decreases in errors occurred 
quite rapidly. The three subjects of Exp. 2 approximated asymptotic 
values after three reversals, However, errorless switching did not occur in 
either experiment until additional cues were added in Exp. 2. 

There are no directly pertinent studies with which to compare the 
present results. Discrete trial studies, such as Ellis (1958), Girardeau 
(1959), and House and Zeaman (1959), were conducted with quite 
different procedures and all used FR 1 reinforcement exclusively. Long 
(1963) used chain FI FR and chain DRL FR schedules and was pri- 
marily interested in the specific stimuli which controlled such per- 
formances. Therefore, he exposed his subjects to only a few reversals, 

Experiment 2 confirmed the finding of Exp. 1 that errors remain high 
when the ratio of responses to reinforcement is the only discriminative 
Stimulus for switching. The median-FR 25 differences for M1, M2, and 
M3 were 40, 51, and 32 respectively which correspond closely to GM’s 
excess responses to switch on FR 15 and FR 38. The similarity suggests 
that: (1) there is a lower limit to responses in excess of FR’s; (2) order 
of exposure to schedules discussed earlier may not be an important con- 
tributing factor; and (3) continued exposure, alone, is not the key to 
reducing the discrepancy. Moreover, while “count” and interpolation of 
FR 1 resulted in errorless reversals when they were present, neither 
effected more accurate performance after they were removed. This has 
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been observed frequently in programmed instruction and has led t 
use of “fading” procedures to transfer stimulus control from "p 
to the stimulus desired (Holland, 1960). It seems that analogous 
dures are necessary if one's aim is to achieve precise control by 
of responses to reinforcement. Instructing subjects to count mig 
the results significantly as was mentioned earlier, but that rem 
be seen. ; 

The tendency of subjects to switch “prematurely” is an indic 
that the schedule of reversals was a more salient stimulus than the 
of responses to reinforcement. Certainly, the “count” procedure de 
strated that subjects readily come under the control of regular prog 
ming of reversals. One wonders, however, if this resulted from th 
number of reinforcements (four) in contrast to the high numbe 
responses (25). That is, would errorless switching be obtained 
25 reinforcements between reversals? The reversal studies using Е 
not lead one to predict a difference between reversals on FR 4 sc 
of reinforcement and reversal after every fourth reinforcement. 
parisons such as these would be necessary to determine if the rat 
responses to reinforcement is inherently less likely to control behi 
precisely. In any event, the “count” procedure demonstrated that a 
vestigator must carefully control his schedule of reversals to 0 
uncontaminated data. " 

Finally, the multiple baseline technique of Exp. 2 in which th 
criminative properties of two events were compared simultaneously 
not only more efficient but also eliminates sources of variation ass00 
with comparisons separated in time as was the case in Exp. 1. 
these subjects came under the control of the rather complex condit 
discriminations required eame as a surprise and testifies anew Ё 
remarkable capacity of humans and other animals to respond to 
tingencies. 
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Effects of Increasing and Decreasing Reward Magnit 
and Pre-experimental Persistence Level on Foca 
' and Incidental Responses? 


CHARLES Y. NAKAMURA 
University of California, Los Angeles 


Children rated as high persisters (HP) or low (LP) received increa 
decreasing, or random schedules of reward. Effects of reward, persistel 


the results of this experiment and one that used analogous incentiv 
Schedules with animal Ss were also discussed. 


This research investigated several effects of gradually incre 
decreasing schedules of reward over successive discrete trials. F; 
the differential effect of the schedules on two types of responses, 
activity as the focal response and lateney as the incidental 
Second was the effect in the initial trials, late trials, trend over 
rewarded trials, and in subsequent nonrewarded trials. Third 
comparison of the effects of changing reward schedules with previ 
findings that utilized constant magnitudes of relatively high 01 
reward, 

A major interest was the use of these incentive procedures i 
investigation of human behavior, particularly children. In a revi 


in the data analysis, and Barry Godolphin for apparatus construction. The 
hearted cooperation of the teaching and administrative staffs of the Ul 
Elementary School is appreciated. 


514 


INCREASING AND DECREASING REWARD SCHEDULES 515 


research on frustrative nonreward, Ryan and Watson (1968) observed 
that “The preponderance of research on frustrative nonreward has been 
restricted to discrete-trial instrumental appetitional performance of rats.” 
They suggested the potential usefulness of extending the theoretical con- 
structs and rigorous experimental procedures developed in the animal 
work to the study of children’s behavior. The same recommendation is 
equally pertinent to the research on contrasted reward magnitudes and 
reward schedules since a great amount of systematic experimentation on 
animal behavior has been achieved (Pubols, 1964; Dunham, 1968), while 
work with children has been less systematic. Much of the work to date 
on reward effects with children has concerned the effectiveness of differ- 
ent kinds of rewards (Brackbill and Jack, 1958; Bijou and Sturges, 1959; 
Bisett and Rieber, 1966; Horowitz, 1962; Kennedy and Willcutt, 1964) 
and schedules of nonchanging magnitudes and percentages of reinforce- 
ment (Bruning, 1964; Chertkoff, 1968; Ryan and Voorhoeve, 1966). The 
effects of multiple reward schedules on continuous response rates on а 
free operant task are also well represented albeit much of the work was 
on retarded Ss (e.g., Bijou and Orlando, 1961). 

Procedural differences in administering rewards have been systemati- 
cally studied as seen in the reviews by Pubols (1964) and Dunham 
(1968). Pubols distinguished designs that used absolute (between 68) 
and differential (within Ss) administrations of incentive magnitudes. 
Dunham distinguished among more complex contrasted conditions of re- 
ward: Simultaneous differential conditioning, successive differential con- 
ditioning, and successive nondifferential conditioning. These latter pro- 
cedures take into account both cue and response contingencies and S 
applicable to either between or within subject designs. The primary 
design used in the present experiment was the differential method of 
Pubols or the successive nondifferential conditioning of Dunham since 
the same subjects experienced change in reward magnitude under the 
same cue-response conditions throughout the experiment. 

The gradually changing reward schedules, in contrast to the sharply 
distinguishable, usually single, shifts used in most animal studies, were 
of interest, since many experiences of humans are of this type. Some 
recent work with rats also suggests the importance of considering order 
of regularly changing rewards. Marx (1968) used regularly increasing 
or decreasing schedules of reward and found direct behavioral conse- 
quences of order during rewarded trials but level of nonreinforced per- 
formance was in a direction opposite of terminal level of reinforced 
responding. It was concluded that the findings support an interpretation 
of nonreinforeed response rates in terms of order, rather than merely 
terminal value, of incentives during reinforcement. Using differential 
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reinforcement magnitudes, Ison and Glass (1968) found that increments 
and decrements in rewards did not have symmetrical behavioral 
consequences. 

The selection of the two types of responses as the dependent variables 
followed from earlier work in which they were shown to provide different, 
kinds of information about reward effects. Nakamura and Ellis (1964) 
found that lever activity could be considered an indicator of effort or 
performance level and response latency, time interval between the end 
of a trial and the press of a button to see the reward, an indicator of an 
attitudinal effect of reward. The utility of distinguishing the lever and 
the button press responses as focal and incidental was demonstrated by 
Nakamura and Krudis (1967). While the S focussed attention on the 
lever activity, the measure of latency was recorded without S's knowledge. 
Thus, it provided a subtle index of reward treatments. In previous 
work (Nakamura and Ellis, 1964) children who were categorized as 
high persisters continued to put forth great effort under low rewards 
as indieated by lever activity but their attitudes toward the task were 
changing as reflected by the gradually declining response speeds to press 
the button that revealed their rewards. 


METHOD 
Subjects 


The Ss were 24 boys and 24 girls, of age range 5 years 6 months to 
6 years 11 months with mean age 6 years 6 months, enrolled in the 
UCLA University Elementary School. The mean intelligence was well 
above average. The large majority of Ss were from families above 
average in socio-economic and educational levels. 


Apparatus 


The main apparatus consisted of a modified version of an automate 
marble reward display and dispenser unit, a lever movement task, and 
electrical control unit that were described in a previous experiment 
(Nakamura and Ellis, 1964). Eight separate marble dispensers were side 
by side on a table. Each dispenser was a box 514-inches wide, 17-inches 
high and 4-inehes deep. A clear plastic 34-inch tube, 734-inches high was 
mounted above a marble receptacle at the base of the box. On display 
within each tube were different numbers of 94g-inch diameter opaque 
green marbles that indieated the number available per reward. Eo 
dling each tube was a pair of 14-inch diameter green reflectors whit 


would light up as the marbles from a given tube were simultane 


| 


ejected into the tray below when S pushed a button to receive his reward | 
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The emptied tube was automatically refilled from a magazine concealed 
in the top part of the dispenser box. 

The lever movement task consisted of a 7-inch diameter metal, circular 
plate set in the surface of a 9-inch cubical wooden box. The plate had 
eight 3-inch long slots that radiated symmetrically from a 1-inch diam- 
eter opening through which protruded a lever. The lever was anchored 
at the base of the box and extended 5 inches above the plate. It was 
held at the central resting position by coiled springs. Within the box was 
à spring loaded switch at each slot. Entrance of the lever approximately 
1% inches into a slot contacted the corresponding switch, Each contact 
was recorded on an impulse counter in the control unit, At each upper 
corner of the box's surface above the plate was a light that signalled S 
when to start and to stop lever activity. Located centrally and near the 
top of the front side of the box was the button by which 8 actuated the 
reward dispenser, On the table was a 7-inch cubical marble storage box 
With a hole in top into which S dropped the marbles. All of these boxes 
in the apparatus were painted gray. 


Procedure 

Teachers’ ratings of the Ss’ general predisposition to persist were ob- 
tained on a single 9-point scale from low persistence (LP) to high 
persistence (НР). The ratings were made two months after the begin- 
ning of the semester so the teachers were well acquainted with the 
children, Persistence as rated was closely related to variables such as 
need-achievement and history of successful experiences. Information of 
reliability and content validity of the scale were reported earlier (Naka- 
mura and Ellis, 1964). On a median cut, Ss rated 5 or lower and those 
rated 6 and higher were categorized as LP and HP, respectively. From 
the total available population, 12 LP and 12 HP girls and boys were 
selected for the experiment so that subgroup means for boys and for 
girls within each level were similar, Within each of these four groups, 
four Ss were assigned to each of three reward treatments. This yielded 
а factorial design with two levels of rated persistence, three schedules of 
reward, and two sexes. 

The eight dispenser boxes comprised a display panel of from 0 to 7 
marbles in the tubes from left to right. The 8 received one of these 
magnitudes of reward per trial over 15 trials on one of three schedules 
9n which the distribution of magnitudes differed but the mean number 
of marbles received were the same. The "res ail реч 
rewards (IR): 8, 2, 1, 1, 2, 3, 3, 4, 6, 5, 5, 7, 5, 6, 7; Decreasin, 

(DR): 5, 6, 7, 7,6, 5, 5, 4, 2, 3, 3, 1, 3, 2, 1; and Randon rewards (RR): 
3,7,2, 6, 1, 5, 5, 7, 2, 5, 1, 5, 3, 6, 4. 
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The S was seated facing the reward display with the surface of the 
lever box about lap height and the lever handle directly in front. The 
initial instructions were given in the experimental room, after which the 
E went into and remained in the adjoining room separated by a one-way 
vision window and gave subsequent instructions over two-way intercom. 
The initial instructions were: 

“Show me the tube with the most marbles in it. How many are in 
the tube? Now, show me which one has the smallest number of marbles. 
You see there are two lights here (surface of lever box). When these 
lights go out you can begin pushing this handle into these slots like 
this (demonstrated). You can push it into any slot you want to, as 
often as you want, and as fast as you want to. Each slot gives you 
points, but some slots give you more points than others. I can’t tell you 
which ones give you the most points. You will have to figure that out 
for yourself. Now you try it (practice). You keep pushing the handle 
as long as these lights are out. When the lights come back on again, 
you stop pushing the handle. You then push this red button (dispenser 
button). Go ahead and try it now. This will make the machine give you 
your marbles. Now when the marbles fall down into these trays, you 
pick them up and put them in the gray box over there. Let them drop 
one by one through the hole in the top. Be sure and watch the lights 
closely for they will tell you when to start and to stop pushing the 
handle. Remember, you start pushing the handle when the lights go out. 
O. K. we are going to practice this now in make believe ( goes through 
the whole procedure with S step by step). Do you have any question? 
O. К. Tm going out of the room now. You can talk to me through this 
box (intercom). I can talk to you through it too. If you have any 
questions ask them right away. Watch the lights and begin playing 
when they go out." 

The first two trials were practice and the S received four marble 
on each. Then the 15 regular rewarded trials were given in the assigne 
schedule. Thus, the rewards were not contingent upon actual períor- 
mance, Each trial consisted of 8 seconds of free lever activity. The number 
of strokes into the slots was recorded on the impulse counter. The 
lateney between the onset of the signal lights that indicated the end of 
a trial and pressing of the reward dispenser button was recorded by 
to the nearest .10 second from a Hunter Klockounter. An extinction 
(nonreward) phase began at the end of the 15 rewarded trials with the 
following instructions: 

a (eee 5 ve had some practice I’m going to set the -— 

arder for you to get points. We can stop апу! 
you want to, but I would like to see how well you ean do when I make 
it harder. Are you ready?" 
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After every third trial one of the following statements was made by 
E: "Would you like to try it again or would you rather stop now:" or 
"You can keep on playing or stop whenever you want." 

In the extinction procedure, when S pressed the reward dispenser 
button, the lights went on in the zero marble dispenser and no marbles 
were dispensed. In addition to the number of lever strokes and. latency 
on each trial an extinction score, number of trials to extinction, was 
obtained on each S. At the end of the period, when S had either requested 
to terminate or had gone the limit of 15 nonrewarded trials, two extra 
trials were given with these instructions: “The last game was very hard 
—everyone has trouble getting marbles there. But there is one more 
game I would like you to try. It is different from the last one. We’ll 
play this game just two times.” High rewards were given so that S 
would leave with a feeling of success. Then the E had S help remove the 
marbles from the storage box to reload the dispenser magazine. This was 
accompanied by complimentary remarks from E on the large number 
of marbles S had earned and that S had done very well. Almost all Ss 
Seemed to be fascinated by the dispenser mechanisms when the boxes 
Were opened and they enjoyed reloading them. 


RESULTS 
The analysis of variance applied to the lever stroke scores yielded 
Several significant main effects and interactions as shown in Table 1. 
All results of P < 05 will be reported as significant. The entries were 
mean lever strokes per block of three trials. The group means for boys 
and girls Separately and combined are plotted in Fig. 1; The nature of 
the significant Reward effect (F = 4.97) can be best seen in the lower 
Panel. The Decreasing reward (DR) treatment has the lowest lever 
strokes and the Randon reward (RR) has the highest with the Increas- 
ing (IR) group between them. The middle and upper panels taken 
together show the source of the significant Sex X Persistence interaction 
a 16.55). Lever strokes of Low Persistence (LP) boys were greater 
s for High Persistence (HP) while the converse obtained for the 
s. 

she significant Blocks effect (F = 16.81) reflects the gradual overall 
Merease in means apparent in the lower panel. The sources of the 
looks X Reward X Persistence interaction (F = 2.18) and the four-way 
teraction (p = 3.70) can be ascertained in the panels of Fig. 1. Their 

™Plications will be left to the discussion section. ЖШ 
«ver strokes in the early trials were assessed by an analysis of 
variance applied to the mean of Blocks 1 and 2 combined. А significant 
sward main effect (P = 455, df = 236) and a significant Sex X 
Persistence interaction (F = 9.26, df = 1,36) were obtained. The sources 
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TABLE 1 
ANALYSIS OF VARIANCE oF Lever STROKES 
Source df MS F 
Between 
Reward (R) 2 394.50 4.97* 
Sex (S) 1 11.00 .14 
Persistence (P) 1 119.00 1.50 
RXS 2 52.50 66 
КХР 2 16.00 20 
8 xP 1 1312.00 16.55** 
RXSXxP 2 87.50 1.10 
Error (b) 36 79.28 
Within 

Blocks (B) 4 109.75 16.81** 
BXR 8 4.88 ‚75 
BxS 4 15.25 2.34 
BXP 4 9.75 1.49 
BXRXS 8 9.63 1.47 
BXRXP 8 14.25 2.18* 
BXSxP 4 13.00 1.99 
BXRXSXxP 8 24.13 3.70** 
Error (w) 144 6.53 
*p < .05 
"p < .01. 


of these effects were similar to those observed above in connection with 
the corresponding interactions in the analysis over total trials. Thus, it 
appeared that the relative levels of activity for the groups were set in 
the early trials and were not appreciably changed over the later trials. 
This was further confirmed by the analysis of the terminal performance 
scores in Block 5 since the Reward effect (F = 3.42, df = 2,36) and the 
Sex б Persistence interaction (F = 14.51, df = 1,36) were again signif- 
icant. 

The group means for lever strokes in the first five nonrewarded trials | 
are plotted to the right of the broken line in Fig. 1. The entries were the 
mean score of from one to five trials for each S. The number of trials 
varied because it was possible for an 8 to extinguish anytime after the 
first nonrewarded trial. Only the Sex X Persistence interaction (F= 
4.18, df = 1,36) was significant. An analysis of variance applied to the 
difference scores between the Block 5 and the nonrewarded trials yield 
no significant results. 

The main findings in the analysis of lever strokes were: (1) The order 
0f magnitude of strokes from greater to least was RR, IR, and DR treat- 
ment; (2) activity level was greater in the LP than the HP boys while 
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Fic. 1. Mean number of lever strokes over five Blocks of rewarded trials and is 
1-5 nonrewarded trials. ; 


the reverse order was found for girls, and these relative positions were 
maintained throughout the rewarded trials and into the first five non- 
rewarded trials; and (3) complex interactions involving all factors were 
obtained. ^ 
The overall analysis of variance of the response speed scores cium 
Tocals of the response times between end of each lever activity trial en 
Press of reward dispenser button) yielded a significant Blocks main eieo 
(F = 404, df = 4,144) and a significant Blocks X Reward x inen 
interaction (F = 2.74, df = 8,144). The mean responses in blocks Es | 
trials are plotted in Fig. 2 for boys and girls separately and com ined. 
he curves in the lower panel indicate that an overall increase in means 
over blocks was the source of the main Blocks effect. Also apparent a 
the source of the three-way interaction. This was largely the function 
of the more curvilinear trend of the LP Ss in the DR treatment Te 
With open squares) compared to the other curves in general and to the 
HP-DR curve in particular, A trend test of the quadratie component 
(Grant, 1956) supported this observation. The main Reward effect was 
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Fre. 2. Mean response speeds over five Blocks of rewarded trials and for 1-$ 
nonrewarded trials. 
significant (F = 3.45, df = 2,36), but of particular importance with 
regard to the above inference was the significant Reward X Persistence 
interaction (F = 6.11, df = 2,36). The trend of initial incline followed by 
continuous decline is apparent in both LP-DR boys and LP-DR girls 
(Fig. 2, upper and middle panels) and are the only curves that show 
a clear decline over the later blocks of trials. 3 

The results of the analyses of the response speeds in the early trials 
and in the terminal trials were also quite consistent with the above 
impressions of trends. Whereas the analysis of Blocks 1 and 2 combined 
scores yielded a significant Reward X Persistence interaction (F = 5.28, 
df = 2,36), it was clearly not significant (F = 25, df = 2,36) in the 
corresponding analysis of the Block 5 scores. It can be seen in the lowe! 
panel of Fig. 2 that the locus of the interaction in the early trials wa 
that mean response speed of the LP-DR group was greater than for the 
HP-DR group while the reverse obtained for the LP-IR and the HPJR 
groups. However, by Block 5 the LP-DR mean and the distance betwee? 
the HP-IR and LP-IR groups had elosed considerably owing to à gradus 


| 
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increase in the LP-IR group. These changes eliminated the Reward X 
Persistence interaction present in the initial trials. 

The mean response speeds for the first five nonrewarded trials are 
plotted at the right side of Fig. 2. Analysis of variance applied to these 
scores gave no significant results. However, the analysis of the difference 
scores between the Block 5 and the nonrewarded trials produced a signif- 
icant Reward effect (F = 5.10, df = 2,36). Figure 2 shows that the main 
source was the increase in response speeds of both the HP and LP 
groups under the DR treatment. Thus, under the DR treatment response 
speed was depressed in the later rewarded trials but sharply increased 
with the change to the nonreward condition. 

In addition to the lever strokes and response speed scores, а measure 
of extinction was obtained under nonreward conditions. The mean number 
of trials to extinction for each group is shown in Fig. 3, The scores were 
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Fic. 3. Mean number of trials to extinction for high poe and low 
Persistence boys and girls subsequent to three schedules of rewarded trials., 


submitted to а square root transformation. The summary of the analysis 
of variance of these scores is given in Table 2. The main Sex effect 
(F — 5.04) reflects the higher scores of boys over girls. The source of the 
main Persistence effect (F = 4.44) was the higher scores of HP compared 
to LP Ss. Figure 3 shows that the source of the Reward X Persistence 
Interaction (F = 3.39) was the regularly increasing scores of the HP 


Ss from IR through DR to RR treatment groups in contrast to the 
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TABLE 2 
ANALYSIS OF VARIANCE OF TRIALS TO EXTINCTION 

Source df MS F 
Reward (R) 2 2.72 2.83 
Sex (S) 1 4.84 5.04* 
Persistence (P) 1 4.26 4.44* 
RXS 2 25 .26 
КХР 2 3.25 3.39* 
SxP 1 .03 = 
RXSXP 2 4.61 4.80* 
Error 36 .96 

*p < .05. 


shallow V-shaped distribution for scores for the LP Ss over the cor- 
responding treatments. The Reward X Sex X Persistence interaction 
(F = 4.80) was made clear by pairwise comparisons among the group 
means by the Duncan Range test. These comparisons showed that the 
HP boys under DR and RR treatments and the HP girls under RR treat- 
ment did not differ from one another but each of the three differed 
significantly from all other groups excepting the LP boys under IR and 
RR treatments. Thus, the source of the three-way interaction was the 
absence of differences between LP boys and LP girls across the three 
reward treatments while there was no such consistency between HP boys 
and HP girls. The difference between the HP boys and HP girls under the 
DR condition was highly significant. 

An additional tabulation was done on the speed and lever activity 
scores of the three groups (HP-DR and HP-RR boys and the HP-RR 
girls) that had the significantly higher extinction scores in order 40 
ascertain trends in their lever strokes and response speeds over continu- 
ing nonreward trials. All three groups had quite high speeds in the initial 
nonreward trials (see Fig. 2). Figure 4 plots the mean response speeds 
and lever strokes in blocks of three trials. The apparent deceleration of 
response speed over Blocks was confirmed by a test of the trend (F = 
6.46, df = 1,40). In contrast, lever strokes were maintained at about the 
same level throughout. This response speed curve tended to parallel that 
of the LP-DR curve (Fig. 2, lower panel) over the last four blocks of 
rewarded trials. These results were only tentative because of some missing 
scores in the later blocks of the nonrewarded trials. The mean scores 0! ® 
few Ss in Blocks 3 and 4 in Fig. 4 were based on only two trials or 00 
instead of three since they had fewer than 12 trials to extinction. Furthe!- 
more, the Block 4 group mean value was substituted for the Block 
scores of two Ss who had only seven and eight extinction trials, respet- 
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Fra. 4, Mean lever strokes and mean response speeds over four Blocks of non- 
rewarded trials for 12 Ss from the three groups that were most resistant to extinction. 


tively. For one S who had only six trials, the block means had to be 
substituted in both Blocks 3 and 4. Accordingly, the df for the above F 
test was reduced by four, the number of substituted scores. 


DISCUSSION 


Two aspects of the effects of the reward schedules were of central 
interest, They were the effects of the focal lever strokes, the incidental 
response speeds, and the trials to extinction scores considered separately, 
and the various combinations of these taken together. Lever activity was 
the focal response for S since it was presumed that S would perceive that 
the rewards received were contingent upon it. Throughout the trials the 
order of lever strokes from highest to lowest for the three reward sched- 
ules was RR, IR, and DR. The RR schedule also produced the greatest 
number of trials to extinction, These effects of the RR schedule were 
Interesting in their similarity to findings of greater response produced 
by partial reinforcement compared to continuous reinforcement schedules. 
The higher response level corresponds to the partial reinforcement 
acquisition effect, and the greater trials to extinction corresponds to the 
partial reinforcement extinction effect typically obtained in the studies 
of frustration (Amsel, 1962; MacKinnon and Amsel, 1964; Ryan and 
Watson, 1968). Apparently, the symmetrical proportion of high and low 
rewards in the RR schedule had an effect similar to that of the 507% 
Partial reinforcement schedule obtained by Ryan and Voorhoeve (1966). 
They found that a 50% schedule yielded the greatest speed on a lever 
Movement response while 100% reinforcement gave the lowest speed. 

Boys and girls performed differently on lever strokes as a function of 
Persistence level. The LP boys consistently made more lever strokes 
than HP boys while the converse was generally true for the girls. The 
Interaction of reward and persistence over blocks of trials of the girls 
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(see Fig. 1) conformed closely to the results of the earlier work (Naka- 
mura and Ellis, 1964). Namely, the LP girls showed a direct effect of 
the reward schedules while the HP girls showed a contrast effect. The 
HP girls made quite higher lever strokes to the low reward in the initial 
trials of the IR schedule. This was interpreted as a reaction to frustration 
that would be expected from these Ss who were presumed to have a 
history of success. Under the initially high rewards in DR, the HP 
girls gave low lever strokes, presumably taking the success for granted 
as found in the previous experiment. However, they reacted with an in- 
creasing level of lever activity as reward decreased to low magnitudes 
in the later trials. In contrast to the HP girls, lever strokes of LP girls 
increased with the increasing rewards in IR and decreased with the 
decreasing rewards under DR. The differences in lever activity between 
boys and girls on interactions of reward schedules and persistence levels 
over the blocks of trials were the main sources of the significant triple 
and four-way interactions (see Table 1) noted in the results section. The 
performance of the girls was consistent with the results and the rationale 
of the earlier work but that of boys was not. In previous work it was 
assumed that the receipt of low rewards would be frustrating because it 
implied failure. Accordingly, the HP girls responded with high activity. 
However, the HP boys unexpectedly gave a low level of lever activity. 
One plausible explanation is in terms of a problem solving oriented re- 
action to the low rewards. There is evidence that boys respond this way 
more than do girls (e.g., Crandall and Rabson, 1960; Nakamura and 
Ellis, 1964). There is also clear evidence that boys are superior to girls 
on problem solving tasks of the types generally used in experiments 
(Gallagher, 1964, p. 370; Witkin, Dyk, Faterson, Goodenough, and Karp; 
1962). Furthermore, children of high persistence were found to be more 
problem solution oriented than low persisters (Nakamura and Lowenkron, 
1964). These findings, together with the observational data obtained on 
the Ss, were consistent with the above interpretation of the present 
results. "Throughout the experiment E regularly recorded the more salient 
behaviors of each S. The tabulation of these revealed that the HP boys 
аз à group were distinguished by appearing to be very concentrating, 
thoughtful, planning and looking for slots that gave the most points. of 
the HP boys, 67% were characterized by two or more of these terms 1? 
contrast to 33% of HP girls and 21% of LP Ss. The HP boys could, 40- 
cordingly, be described as being very problem solution oriented. For 
example, many of them were noted to have frequently paused for à few 
seconds holding the lever motionless; some subsequently making leve" 
strokes into apparently preconceived combinations of successive slots 
This strategy was reflected in the relatively low lever strokes of mos 
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HP boys in contrast to the rapid lever activity of most Ss in the other 
groups. An alternative explanation that the HP boys were disinterested 
might be entertained, particularly with regard to the HP-DR boys since 
they had low scores on response speeds as well as on lever strokes. How- 
ever, evidence that the low scores were associated with involvement rather 
than disinterest was given by the increase in response speeds in the non- 
rewarded trials (Fig. 2) and the large number of trials to extinction 
(Fig. 3). It may be recalled that these nonrewarded trials were preceded 
by instructions that the problem was going to be harder than before. 
This still leaves the high response level of the LP boys unexplained 
since the corresponding group in the earlier work gave a low level of 
activity to the low reward much as the LP girls did in both experiments. 
In retrospect, the most probable source of this discrepancy was in the 
rated persistence level of the LP boys in this experiment. Within each 
experiment, HP and LP groups were established by division at the 
median persistence score. A comparison of the scores of subgroups 
revealed that the mean of LP boys in this experiment was only slightly 
and nonsignificantly smaller than that of the HP Ss but clearly larger 
than that of the LP Ss in the previous experiment. This occurred because 
the overall mean persistence was higher in the present University 
Elementary School boys than in the previous parochial school boys, thus, 
resulting in the relatively higher mean persistence score in the LP group 
of the present Ss. A difference between LP groups did not occur in the 
girls because the overall means were similar in the two schools. This fact 
of the lack of difference in persistence between HP and LP boys in the 
two experiments gives a plausible explanation for the similarity of their 
performances. This reasoning is given very tentatively but it gains some 
credence from examination of the response speed curves for these ‘two 
groups since they, as well as the lever activity curves, were quite similar. 
In fact, the most salient result in the analyses of response speeds was the 
curvilinear trend in the LP-DR groups. The initial increase with later 
decline was particularly prominent in the curve for the boys. In past, work 
(Nakamura and Boroezi, 1965; Nakamura and Ellis, 1964) the occurrence 
of such a decline in response speed was accompanied by а concurrent 
Increase in performance on the focal response under low reward treat- 
ments. Thus, while performance on the focal lever response changed ша 
direction opposite to the change in rewards, the decreasing magnitudes 
of reward were reflected in the more subtle response speed measure that 
Was considered to be an attitudinal aspect of the reward effect. At least 
for LP boys, these two response measures gave different information 
about the reward treatment as in the earlier work. There is no clear 
explanation for the absence of this in the HP boys and HP girls. This 
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could, in part, be due to the changing reward schedules here compared 
to the constant magnitudes used in the previous work. Of additional 
interest in this regard was that, following the increase in speed at the 
beginning of the nonrewarded trials, the HP Ss with high resistance to 
extinetion showed a decline in response speed while the concurrent level 
of lever strokes remained stable (Fig. 4). This indicated that although 
the attitude ehange (response speed) that was expected to be associated 
with the DR schedule in the HP Ss did not take place during the 
rewarded trials, as was found for the LP-DR Ss, it was eventually 
manifested in the subsequent trials under nonreward. This was consistent 
with the rationale set forth in the earlier report by Nakamura and Krudis 
(1967) that the focal activity could be expected to increase or remain 
stable for long periods even under low rewards in highly persistent, 
achievement oriented Ss while a negative attitudinal effect of the low 
reward would be manifested in the incidental response speed measure. 

Recommendations have frequently been made promoting the extension 
of the rigorous experimental designs and procedures developed in animal 
studies to the investigation of children’s behaviors (McCandless and 
Spiker, 1956; Nakamura and Ellis, 1964; Terrell, 1958). Such an ex- 
tension of incentive treatment procedures was one of the interests in this 
study. However, the results of work using similar methodologies 0n 
animals and children may not be comparable or compatible in their 
theoretical implications. One reason for this is that the pre-experimental 
histories of animals, e.g., the naive rat, are typically more uniform and 
also more controllable than in children, hence, individual differences on 
critical variables are smaller. Accordingly, procedures used with naive 
animals should, when applied to children, take into consideration the 
histories of the child Ss. This immediately complicates the experimental 
design and often requires alterations in the predictions based on the 
conceptual frameworks developed on animals, This problem was il- 
lustrated when the attempt was made to compare predictions and results 
of this experiment with one on rats (Marx, 1968) that used fairly 
analogous reward procedures of increasing and decreasing schedules of 
reinforcement, and the use of an activity measure of performance during 
both rewarded and nonrewarded treatments. There were to be sure some 
obvious procedural differences. An interval schedule with free operant 
responding, training and test sessions spaced over many days, and ® 
gustatory reinforcer were used with the rats. The present experiment 
used massed discrete trials in a single session and the magnitudes © 
rewards were mediated through the visual modality. The several tram" 
ing sessions required for the rats in order to establish the conditions f0! 
the critical effects to appear were unnecessary for children because the 
latter can be verbally instructed about procedures. 
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On rewarded trials Marx (1968, ef. Fig. 1) found a direct effect of re- 
ward schedules; an inereasing number of bar presses over trials for the 
group receiving an increasing order of reinforcement and decreasing num- 
ber of presses for the group receiving decreasing amounts of sucrose rein- 
forcement. With children, similar results were predicted for LP Ss but not 
for HP Ss. These differential predictions were generally supported. On 
nonrewarded trials, while both experiments were consistent in proposing, 
as stated by Marx, the usefulness of considering response strength in 
terms of order rather than simply terminal value of incentives during 
reinforcement, the expected results were not altogether the same. Marx 
expected and found that nonreinforced response rate would be higher 
with increasing than decreasing order of rewards. In the present experi- 
ment an interaction of reward schedule and persistence level was 
predicted. The predicted interaction was obtained for resistance to ex- 
tinction, although it was not found on the measure of lever strokes. As 
expected, the results for the LP Ss were in the same direction (LP-IR > 
LP-DR) as Marx's results while the reverse held for the HP Ss (HP-DR 
> HP-IR, see Fig. 3). 

These comparisons indicated that variability in predispositions such 
as persistence level that exist in children complicate and set limitations 
to making direct comparisons with most of the animal studies on 
incentive effects. In this regard, a combination of research on early 
experiences and the work on incentive magnitudes in rats could be fruit- 
ful. Other well recognized factors that complicate comparisons between 
experiments using animal and children Ss are social variables such as 
the tendeney for performance to be influenced by degree of concern of 
how others pereeive and respond to oneself. In this realm, the use of 
gustatory reinforcers сап be expected to have relatively limited value 
for the understanding of much of children’s behaviors, On the other 
hand, reinforcers mediated through other modalities have the problem of 
very wide individual differences in relative incentive values for any 
given absolute quantity or quality of the reinforcer. For example, an 
amount of money, marbles or trinkets, or а statement of good, right, or 
wrong, or a smile or a frown have different incentive values for different 
children. It would appear that, in general, extension of methodology for 
animal experiments to children can contribute useful experimental 
Precision but the conceptual frameworks and predictions of behavior 
must be generalized with reservation. 
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Effects of Time-Compressed Speech Signals on Children's 
Identification Accuracy and Latency Measures 


Tuomas H. SHRINER AND ROBERT L. SPRAGUE? 
University of Illinois 


Identification accuracy and latency of responses were studied under 
various rates of time-compressed speech signals. Ss were 51 elementary 
school children, 10 kindergarteners, 16 first-graders, 14 second-graders, and 
11 third-graders, Each S was instructed to respond to one of a set of three 
line drawings selected from the Picture Identification Children's Stand- 
ardized Index when hearing a speech signal. The speech signals, 50 in 
number for each treatment plus 24 appropriate adaptation trials, were 
presented under normal speech and the three experimental conditions (30, 
50, and 70% time-compression). Each S received only one treatment, 
exactly 14 days after the normal run. Mean identification accuracy, based 
on corrected percentage scores, significantly decreased as a function of 
time-compression. Graphically, very little decline appeared before the 50% 
condition. Mean latencies for incorrect as well as for incorrect and correct 
responses combined were significantly lower for the 50% treatment than 
for the 30 and 70% treatments, and the means for the 30% condition were 
lower than those for the 70% condition. The incorrect mean latency scores 
also were significantly different from the correct mean latency scores. 


Increasing emphasis is being given to rate-controlled recordings by 
both educators and experimenters. One marked advantage of rate-con- 
trolled recordings (time-compressed speech) is that recorded materials 
can be played back in less than the original time without essential 
alteration of the other dimensions of the signal. In a sample of speech, 
the time base is unselectively and uniformly compressed throughout. The 
essentials of the phonetic units, vocal pitch, stress, etc., are preserved. 
The amount of compression, which may conveniently be thought of as 
a percentage of the original time, is variable and a given message may 
be presented to listeners at a variety of rates. Practically, very little 
is known, however, about the limitations and/or applications of time- 
compressed speech signals to normal elementary school children or to 
children who somehow fail to meet the criteria of normaley. Moreover, 
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the nature of the relationship between rate and accuracy of immediate 
recall is highly critical for any theory of short-term memory (Aaronson 
and Markowitz, 1967; Aaronson, 1967). 

In conventional intelligibility tests, the response measure is the per- 
centage of test words correctly identified. Hecker, Stevens, and Williams 
(1966) suggest “the inclusion of reaction-time (latency) measurements 
in multiple-choice intelligibility tests should increase the sensitivity of 
such tests” (p. 1189). In a brief study with five adults, they reported 
an overall trend of an increase in reaction time with an accompanying 
decrease in intelligibility. The question arises whether measures of la- 
tency of response when used with the conventional percentage of correct 
response measures are a more sensitive index for assessing children’s 
abilities to discriminate speech signals. The purpose of this study is to 
investigate the accuracy and latency of children’s identifications of 
Speech signals presented under three different rates of time-compression. 


METHOD 
Subjects 


The Ss were 51 elementary school children, 10 kindergarteners, 16 first- 
graders, 14 second-graders, and 11 third-graders? No child had an 
educationally significant hearing loss as reported by school personnel. 


Stimuli 


The stimuli used were the Picture Identification Test for Children— 
A Standardized Index (PICSI) which was developed by Seidel (1963) 
to test consonant discriminative abilities in children. The PICSI consists 
of 50 word-triads in the form of “cat-bat-hat” with associated line 
drawings, white outline on black background, for each member of the 
triad. Eight of the triads have a common initial consonant (cave-cane- 
cake, for example) and 35 have a common ending consonant (gate- 
Plate-skate). The PICSI also has eight triadic practice items which are 
not included in the test proper. Slides were made for each of the 50 
Word-triads and 24 slides (three for each) were made of the eight 
practice items. 


Speaker and Apparatus 


The speaker was a female graduate student who spoke general 
American speech. She was seated in a sound-treated chamber and read 
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List 1 of the PICSI which consisted of the 50 test items and 8 practice 
items. Each item was preceded by the carrier phrase “Show me—.” After 
practice and visually monitoring the speech signals on a VU meter by 
both the speaker and the Hs, recordings were made on a Magnecord 
M-90 tape recorder (frequency response +3 dB, 40-11,000 Hz at 15 ips) 
which was located in an associated control room. An Altec M-11 con- 
denser microphone was used. The speech signals were spoken at a con- 
versational effort and pitch level, with natural inflection. (The estimated 
fundamental frequency of phonation was approximated from a large 
drum sonogram—Kay Electric Sonograph 6061A—to be about 250 Hz.) 
The recordings were repeated until judged acceptable by both the Es and 
the speaker. The average duration of the carrier phrase plus the PICSI 
word was 1.19 seconds, The duration was determined by playing the tape 
through a Sound Level Apparatus Company HPL-E high speed level 
recorder. 

The master tape was then used to make the experimental tapes. This 
was accomplished by time-compressing the master tape three times, once 
for each condition (30, 50, 70%). Time compression was accomplished 
by using the Fairbanks, Everitt, and Jaeger (1954) Speech Compressor 
utilizing a 20-millisecond interval of discard. The compression unit ef- 
fectively records and discards alternate segments of a signal, rejoining 
the recorded segments into a continuous output signal. For a given inter- 
val of speech (Za), the relationship between the recorded (7) is Ia = 
I, + Ia, and the percentage time compression of interval J, is 

Ta 
TC% = EEN X 100 
Each tape was high pass filtered (300 Hz, 36 dB per octave) to remove 
low frequency noise generated by the compression system. The signal- 
to-noise ratios for the 30, 50, and 70% conditions were 40, 40, and 39 dB, 
respectively. 

For each of the time-compressed conditions, a single sequence of word- 
triad items was randomly determined. The position of the correct choice 
within each triad of drawings (left, center, right) was counterbalanced. 
The eight practice items were presented three times for a total of 24 
adaptation trials before each presentation of the 50 time-compresse 
speech signals included in the test proper. A 5-second interval of silence 
was allotted between each one of the speech signals. 


Presentation and Procedure 


Each S was tested individually on two separate occasions in a room 
separate from the Es. The first presentation consisted of 24 adaptation 
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trials and the 50 items from the test proper under normal speech con- 
ditions. This condition was the original tape recording (master tape). 
After all Ss received the normal run, they were assigned randomly to 
one of the three experimental conditions, 17 Ss per condition. Each 8 
received only one treatment, exactly 14 days after the normal run. The 
normal run was given to establish a vocabulary baseline and to gather 
normal reaction-time data for each S. If S missed a word or words on the 
normal run, the data from those words were excluded from analysis on 
both the normal and experimental runs for that particular S. 

The testing equipment was housed in a trailer on the school grounds. 
The normal and time-compressed speech signals were played back on a 
Roberts 770 stereo tape recorder (See Fig. 1) and received binaurally 


REACTION 
TIME 


ТАРЕ 
RECORDER 


Fra. 1. Schematic block diagram of instrumentation used to measure identification 
Accuracy and latency measures for normal and three time-compressed conditions. 


by the Ss through TDH-39 headphones at a comfortable listening level 
(35-40 dB SPL re .0002 Ubar as measured with a Bruel and Kjaer-2203 
Sound Level Meter and Coupler). Speech signals were transmitted from 
опе channel of the stereo tape deck via headphones to the Ss. The second 
channel was used to trigger a voice key for visual presentation of the 
items and to a speaker which allowed the Es to aurally monitor the tape. 
Tf S did not respond within 34% seconds of the allotted 5-second interval, 
* Warning light flashed which permitted the Es to stop the tape and wait 
until a response was made, i 
The visual stimuli were rear projected on three panels which were in 
4 horizontal row in front of the Ss at about the level of their eyes. At the 
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end of the phrase, “Show me—,” a signal was sent via the voice key to a 
shutter which opened to allow the appropriate slide to be projected. After 
hearing the speech signal, S pressed the appropriate panel which best 
represented what he thought he heard. Correct responses were im- 
mediately reinforced automatically with an M and M candy which was 
delievered to a tray in front of S. These remained in the tray until the 
end of the testing session. After a response was made, either correct or 
incorrect, а signal was sent to the slide projector which automatically 
advanced to the next slide. Reaction time was measured automatically 
in hundredths of a second with a Haydon stop clock (Series 42). The 
latency counter was started by the signal which triggered the shutter on 
the projector and was stopped automatically as soon as a response was 
made. Also, the response (left, center, or right) was signaled by a pilot 
light which permitted Es to record manually the correct as well as in- 
correct responses. Reaction-time measures and all responses were recorded 
on previously prepared answer sheets. Each S received standardized 
instruetions before both normal and experimental runs. A single run per 
S was approximately 15 minutes. 


RESULTS 


The results of the experimental, 30, 50, and 70% time-compressed 
speech conditions on identifieation accuracy are displayed in Fig. 2. 
The mean percentage of word identification accuracy decreased as а 
function of time compression. Although a highly significant decrement in 
the percentage of correct responses was found across the treatment con- 
ditions (F = 77.22, df = 2,49; р < .001), a very small decrement in 
intelligibility (5%) can be observed between the normal, 30 and 50% 
conditions (Fig. 2). A very large decrement in the percentage of correct 
responses occurred between the 50 and 70% conditions. 
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Fre. 2. Percentage correct scores of identification accuracy as a function of three 
conditions of time-compressed speech conditions (30, 50, and 70%). 
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Fra. 3. Reaction times in hundredths of seconds as a function of three conditions 
of time-compressed speech signals (30, 50, and 70%) for both (incorrect and correct 
combined) as well as for correct and incorrect separately. 


Mean latencies for both the incorrect and the correct responses, as 
well as Separately for the correct and incorrect responses, are shown in 
Fig. 3. A significant change for both (incorrect and correct combined) 
was noted (F = 16.04; df = 2,48; р < .001). A Newman-Kuels test 
on the mean of the treatments indicated that the mean latency for the 
50% treatment was significantly less than the 30 and 70% treatments, 
and that the mean of the 30% treatment was significantly less than the 
70% condition. The same significant effect was found for the incorrect 
responses (F = 5.55; df = 244; р < .01); that is, the 50% treatment 
Was significantly less than the 30 and 70% conditions, with the mean of 
the 30% treatment significantly less than the mean of the 70% treatment. 
The incorrect mean latency scores also were highly significantly different 
from the correct, mean latency scores (t = 266.9; df = 46). 


DISCUSSION 


The results demonstrated a significant decrement in the percentage of 
Correct responses as a function of the treatment conditions. In Fig. 2 it 
can be observed, however, that very little decrement occurred in the 
Percentage of correct responses between the normal, 30 and 50% con- 
ditions, Other investigators who used compressed speech materials with 
adult Ss established that about 30% of the temporal redundancy in 
Speech ean be removed without any appreciable decline in comprehension 
Ог Speech intelligibility (Fairbanks, Guttman, and Miron, 1957; Foulke 
and Sticht, 1966; Zemlin, Daniloff, and Shriner, 1968; Daniloff, Shriner, 


"The test for correlated means was used because data were obtained over all 

e Ss by taking the mean correct latency and mean error latency for a single S. 
Four Ss had no errors (one in 30% condition and three in 50%); consequently, 
their data were not included in this analysis. 
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and Zemlin, 1968; Shriner, Beasley, and Zemlin, 1969). The same results 
are reported in this study with respect to children's percentage of correct 
responses. 

When beyond 30% of the temporal aspects of the speech signal are dis- 
carded, the latency curves for all responses, as well as for the correct 
and the incorrect responses, did not show the same decline in performance 
as did the percentage of correct responses for identification accuracy. 
As the message was speeded, a “pacing effect” can be observed for the 
50% condition (Fig. 3); that is, with high degrees of intelligibility and 
with faster presentation of the message, the strategy of the Ss is chang- 
ing. This pacing effect holds for incorrect as well as for correct responses. 

Aaronson (1967), in a review of the temporal factors in perception 
and short-term memory, and Aaronson and Markowitz (1967) have 
provided evidence that stimulus factors and the strategies which are 
developed by Ss affect the temporal course of perceptual processing at an 
initial sensing or detection stage and at a subsequent identification or 
encoding stage. Broadbent (1958) has theorized a sensory storage system 
(S) and a perceptual system (P) to explain information processing. 
Broadbent’s scheme can be used to interpret the pacing effect observed 
in this study. Measures of latency of response were taken from the offset 
of the stimulus. Since a direct representation of the acoustical stimulus 
has been postulated in the S system prior to transfer to the P system, 
the speech signal will be shorter for the 50% condition than for the 3076 
condition; that is, since the signal in the S system is shorter when 
compared to the 30% condition, the amount of information put into the 
P system is also shorter which would provide for faster retrieval and 
shorter latencies for the 50% condition. 

: With repeated presentation of the same information in less than normal 
time, the efficiency (strategy) of the child's signal processing system is 
working at maximum speed for correct responses which in turn triggers 
and paces his motor responses. The same processes are apparently work- 
ing for the incorrect responses as well but somewhat to a lesser degree 
because of the uncertainty of the decision factor. 

The pacing effect probably is not observed for the 70% condition 
because of the marked decrease in the intelligibility of the acoustic 
stimulus. A marked decrease in intelligibility increases reaction time 
measures. This particular condition supports Hecker, Stevens, and Wil- 
liams’ (1966) finding that reaction-time measures increase with cor- 
responding decreases in intelligibility scores, This study attempted to 
directly test their contention that the inclusion of reaction-time measures 
may help to resolve small differences in intelligibility when combined 
with conventional intelligibility testing measures (assuming some degree 
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of independence between the two as they suggest). This could not be 
readily resolved on the basis of the results of this study because of the 
significant pacing effect. A very small decrement in identification ac- 
curacy, though, can be observed between the 30 and 50% conditions 
(Fig. 2) without a corresponding increase in latency, as one would 
probably be led to predict from the Hecker, Stevens, and Williams study. 
The results of a second study (Shriner, Beasley, and Zemlin, 1969) which 
used three conditions of frequency-divided speech signals, with and with- 
out time distortion, found that when small differences (3-4%) in 
identification accuracy scores occurred, then the inclusion of accompany- 
ing reaction-time measures did not appear to resolve these differences. 
When intelligibility begins to decline markedly, then reaction time begins 
to play a more sensitive role. The results of that study suggested that 
latency and percentage of correct responses are highly dependent. 

An attempt was made to look for trends with respect to consistent 
Consonant confusions for the words that were never missed on any of the 
conditions and for the words most frequently missed; however, no 
Specific trends were noted, The reason is more a result of the PICSI test, 
for one would theoretically expect systematic consonant confusions based 
on manner and place of production. A more systematic index needs to be 
developed to test children’s consonant confusions. 

This study demonstrated that 50% of the time element of a speech 
signal could be removed without any appreciable effects in the deg- 
radation of intelligibility. The possibility of using time-compressed 
Speech signals with computer-based programmed instruction becomes a 
distinct possibility. It also appears that an extension of this study would 
give valuable insight into speech signal processing behavior of normal 
children as well as valuable insight into children who somehow fail to 
meet the criteria of normalcy. 
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Three to six-year-old children were given learning set training on 1 or 
11 oddity/discrimination problems, followed by a within-S comparison of 


oddity learning tasks is somewhat surprising since a problem requiring 
а response to oddity (“point to the one that is not the same”) appears 
on the Stanford-Binet a£ age 474; and also monkeys (Meyer and Harlow, 

49), pigeons (Nevin and Niebold, 1966) and retardates (MA3-5) 
Ouse, 1964) have learned the oddity problem, albeit with prolonged 


Young children may have difficulty learning the oddity problem be- 
Cause the odd stimulus on each trial is generally a stimulus which was 
nonodd on a, Previous trial, and vice versa, constituting a reversal. This is 
Particularly true in the standard two-pair (AA BB) oddity problem 
(ABB BAA), Since ease of reversal learning appears to be related to 
ontogenetic and phylogenetic status (Voronin, 1962; Gollin, 1964; багато, 


*This research was carried out under Contract No. PH 43 65-1011 between the 
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1967; Saravo and Kolodny, 1969), the primary effects of age differ- 
ences and task variables in previous studies may have been on the 
reversal component of the problem, not on the oddity response per se. 
Another related factor that might account for the young child's difficulty 
with the oddity problem is his tendency toward irrelevant or non- 
contingent response strategies, including both perservation and alternation 
to position and object cues (Hill, 1965; Sehusterman, 1964). In the 
oddity problem, responding on the basis of specific position or object cues 
will not produce solution of the problem, but may produce intermittent 
reinforcement of these jrrelevant response tendencies and thereby 
strengthen them. 

The following experiment was designed to investigate these dimensions 
of interference in the oddity learning of young children. A learning set 
procedure was devised which would eliminate the interference produced 
by cue perseveration; correction techniques were used to reduce S's 
tendency to perseverate to position. Transfer tests were administered so 
that oddity performance on the standard reversal oddity procedure could 
be compared with an oddity test that eliminated reversal. 

The relationship between oddity performance and possession of the 
relevant verbal designators which might serve as mediators was also 
assessed. Kendler, Kendler, and Wells (1960) have postulated develop- 
mental differences in the ability to utilize mediational responses to con- 
trol discriminative behavior; other developmental theorists (Werner, 
1937; Wohlwill, 1962; Gollin, 1968) also emphasize а developmental 
transition between perceptual-motor and conceptual-verbal cognitive 
modes. Since Scott (1964) found that retarded children were able to 
respond to questions of sameness, but not difference, Ss in this study were 
asked to identify the odd object in terms of both similarity and dif- 
ference; e.g., both “not same” and “different” were included in the hope 
that the results would more accurately reflect concept, not vocabulary 
differences. 


METHOD 

Subjects. The Ss were 163 children from nursery and elementary 
schools in the Dayton, Ohio area: 29 three-year-olds, 94 four-year-olds, 
and 46 six-year-old first grade children. All Ss were experimentally 
naive. 

Apparatus. The child sat before a 24 X 42-in. grey panel which was 
decorated with colored cartoon animals. The stimulus aperture, situate 
in the middle of the lower half of the panel, contained three 4% X 5%8- 
in. clear plastic panels arranged side by side. The stimuli were displayed Ё 
їп the compartments behind these panels; а masonite screen could be ® 
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lowered so as to cover the stimulus aperture. When the child pushed а 
panel the stimulus was displaced to reveal the presence or absence of а 
candy reward in а small well in the floor of the compartment. A total of 


and negative (non-odd) members of the stimulus Sets were counter- 


the two transfer tasks NS and RS was a second, within-S factor. This 
completed a 2 у 2 (Order X Transfer tasks) factorial design with 


Were four contro] groups of 16 Ss each with аре (4 vs, 6 years), order 
(Group RS-Ng ys, Group N$-RS), and transfer tasks (RS vs. NS) 
Constituting a 2 X 2 X 2 factorial with repeated measures on the transfer 


‚ Training task. Eleven combinations of 22 pairs of multidimensional 
(junk) Objects were used to make up eleven 3-stimulus training sets, one 
for each Problem. Within each problem, only one object was the positive, 
odd stimulus, so that only the first trial of each problem was an un- 
confounded measure of oddity learning; the remaining trials were oddity- 
discrimination trials. On the first trial of the first problem, E baited the 
Positive stimulus With the candy reward in S's sight. Correction was 
allowed for a maximum of five trials in the first set; thereafter and in the 
Second and Succeeding sets, a repeated trials procedure was used when S 
made an error. In this procedure, the stimuli remained in the same 
Position on Succeeding trials until S was correct, Only one stimulus object 
could be chosen on each trial presentation. Within each problem, the 


544 SARAVO AND GOLLIN 


position of the positive stimulus followed a random order, excluding the 
repeated presentation trials. In the first trial of each problem the new, 
odd stimulus never appeared in the same position as the odd stimulus in 
the preceding trial. Criterion was 9/10 correct in the first problem, and 
four successive correct responses on the remaining ten problems. If an 
S did not reach a criterion within 30 trials, the verbalization test was 
given and another S was substituted in the experiment. 

Transfer trials. Immediately after completing the training task Ss were 
given the transfer trials. The RS task (15 trials) conformed to the 
standard two-pair random reversal oddity problem, in which reversal 
or stimulus change trials are intermixed with non-change trials in a 
Gellerman order, e.g, АВВ, BAB, BAA, BBA, BAB, etc., in order to 
eliminate stimulus alternation as a confounding solution strategy. The 
NS task (15 trials) used ten new 3-stimulus objects sets presented in a 
sequence directly comparable to the RS task, e.g., ABB, BAB, DCC, EEF, 
EFE, etc. Thus the sequences of the two tasks were exactly the same with 
one exception: each time a reversal occurred in the RS task, the entire 
stimulus set was changed in the NS task, eliminating the reversal com- 
ponent as a source of interference. The odd stimulus was in each of the 
three positions, right, middle, left, equally on each task. The noncorrection 
procedure was used throughout the transfer tasks. 
$ Verbalization test. At the end of the session, E sat beside S and asked: 

‘How did you know where the candy was? Where was it always?” After 
recording S's answer, E placed two, new, different stimuli on a table in 
front of S. Holding a stimulus identical to one of those on the table, she 
told S to point to the one which was either (1) the same as, or (2) differ- 
ent from, or (3) not the same as the stimulus she held. These three 
questions were asked for each of three sets of stimuli in counterbalanced 
order. As E put away each stimulus set, she said “very good.” During 


the verbalization trials, Е gave no indication as to whether or not the 
child’s verbalization was correct. 


RESULTS 


Training. Thirty children were dropped from the Experimental groups 
for failure to reach criterion on the first oddity-discrimination problem: 
12 of 44 4-year-olds, and 18 of 29 3-year-old Ss. The relative number of 
children unable to reach criteribn was greater in the 3-year than in the 
4-year group (x? = 7.36, р < .01). The 3-year-old Ss who were termi- 
nated manifested cue perseveration tendencies. Eighty-eight percent 
repeated their previous error at least twice during the repeated trials 
correction procedure. Twenty-five percent repeated their error at least 
four times, while three Ss made the same response ten or more times 
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consecutively. Only one 4-year-old S who was terminated showed as 
many as four perseverative responses. 

The 4-year-old Ss improved over successive training problems. An 
analysis of variance on the number of errors to criterion over problems 
indicated this improvement was significant (F = 2.60, df = 10/300, 
p< 01). 

First trial correct responses, the unconfounded measure of oddity re- 
sponding, also differed over problems 2-11 (Cochran Q test, Q = 36.79, 
df = 9, p < .001) but the efficiency of oddity responding did not appear 
to improve in a linear fashion, With performance on the second problem 
as a referent, there was a significant improvement in oddity responding 
only on problems 5, 6, and 9 (MeNemar tests for significance of change, 
df = 1; x? = 6.05, p < .02; x? = 11.25, р < .001 and y? = 55, p < .02, 
respectively). In addition, ¢ tests between problems 2-6 and 7-11 re- 
vealed that while the number of oddity responses decreased from the 
first to the second block (£ = 2.09, df —31, р < .05) the number of 
second trial correct responses which followed an error on the first trial, 
the “once-wrong-then-right” response, increased. This increase in “once- 
wrong-then-right” responses suggested Ss had hit on a strategy which 
required minimum effort. In sum, while discrimination performance im- 
proved over problems, oddity responding showed some improvement mid- 
way in learning, then declined to its initial level. 

Eighteen 4-year and 14 6-year control group children failed to reach 
criterion on the first task. There were no significant differences between 
the control groups or between the controls and experimentals on this 
measure nor on the number of errors to criterion. 

Transfer tasks. Table 1 presents the means and standard deviations 
of the transfer errors made by nonterminated Ss. A 3 X 2 X 2 mixed 
design analysis of variance was performed on these scores with Order 
(Group RS-NS vs. Group NS-RS) and Groups (Exp. 4-year vs. Control 
4-year vs. Control 6-year Ss) as between S factors, and transfer Condi- 
tions (RS vs. NS) as a within-S comparison. The analysis showed that 
the RS task was a more difficult test of oddity than the NS task (F = 
19.02, df = 1/90, р < .001), and that the three groups performed dif- 
ferently (F = 15.17, df = 2/90, р < .001). Separate two-group analyses 


. indicated that the 6-year oddity performance was superior to Control 


4-year Ss (F = 24.79, df = 1/60, р < .001) and Exp. 4-year Ss (F = 
10.84, df = 1/60, P < 01). In addition, the performance of the Exp. 
4-year group was superior to the Control 4-year group (F = 5.63, df = 
1/60, p < 05). The reversal effect was significant in each of these 
subsidiary analyses (p < :001), with no other main effects or interactions 
Teaching significance. These effects were congruent with a count of the 
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TABLE 1 
NUMBER or ERRORS IN TRANSFER Task 
New set Reversal 
Order M SD M SD 
Experimental 4-year-olds 

NS-RS 4.38 2.33 6.88 .24 
RS-NS 5.62 2.78 7.12 3.03 

Control 4-year-olds 
NS-RS 6.88 3.86 7.50 3.79 
RS-NS 6.81 2.97 8.75 1.88 

Control 6-year-olds 
NS-RS 2.88 3.06 4.8 
RS-NS 3.06 3.49 4.75 3.7 


number of Ss who reached a learning criterion of 11/15 successive correct 
in the transfer trials: 25% of the 4-year controls, 63% of the 6-year 
controls, and 56% of the 4-year experimentals were able to reach а 
criterion of 11/15 correct in one or both tasks. Thus, both training and 
age were found to relate to oddity performance in the transfer trials. 

The younger children’s performance was consistent with the age trend: 
Of the 3-year-old Ss who were not terminated (N = 11), only four gave 
better than a chance performance in the transfer task; all of these Ss 
RL S oddity learning during the NS task and only in the NS-RS 
order, 

Verbalization. On the verbal designation task each S could receive 
a maximum of nine points, one for each correct identification. Figure 1 
presents the mean correct responses of all Ss on this verbalization task, 
including Ss who were terminated for failure to reach criterion on the 
training task. An unequal N analysis of variance was performed on the 
verbal task scores with age (3 vs. 4 years), training performance 
(terminated vs. non-terminated Ss) and verbal designator (same, not 
same, and different) as the variables in a 3-factor mixed design with 
repeated measures on the type of verbal designation. Four-year-old Ss 
were able to make more correct identifications (F = 10.89, df = 1/64, 
p< 01) than the 3-year group, and the three verbal designations were 
of differential difficulty (F — 22.57, df = 2/128, р < .001). Duncan 
multiple range tests revealed that correctly identifying the different 
object was the most difficult, not same was intermediate in difficulty, 
while same was the easiest to identify (different vs. same, р < 001; 
different vs. not same, p < .05; same vs. not same, p < .001). No other 
effects were significant, 
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MEAN NUMBER OF CORRECT RESPONSES 


SAME NOT SAME DIFFERENT 


Fic. 1. Mean correct object identifications in the verbalization trials for all Ss, 


The 6-year group was not included in this analysis because their scores 
would have produced heterogeneity of variance. There were no differ- 
ences in the 6-year identification performance (¢ tests) as a function of 
either verbal designator or training task performance. 

A number of correlations were also run on the transfer task and 
verbal task data. Within each age group, there were no significant 
correlations between performance on either or both transfer tasks and 
the ability to identify the objects on the basis of same, not same, or 
different. Thus, while Possession of the oddity labels was related 
to age, it did not predict performance on either oddity or oddity- 
discrimination, 3 

Fifty-three percent of the 6-year-old Ss were able to verbalize solu- 
tion of the oddity problem, while only two 4-year-old Ss and one 3-year- 
old S could verbalize the solution. The performance of the 6-year-old 
Ss who could verbalize solution was superior on both transfer tasks to 
the children who were unable to verbalize solution (F = 41.39, df = 1/ 
30, p < :001). However, since oddity solution was achieved by 4-year-old 
and nonverbalizing 6-year-old Ss, it can not be concluded that this 
verbal ability was a prerequisite for, or mediated solution of, the 
problem. 

Nonsolution responses. Two nonsolution response tendencies, persevera- 
tion and win-stay, lose-shift (WSLS), are common in young children 
(Hill, 1965). For the RS task, these two response strategies may be 
applied to either object or position cues; in the NS task, they could 
only be consistently applied to position, Table 2 presents the means and 
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standard deviations of the number of nonsolution responses made by Ss 
in each group. The range of possible scores is also ineluded in the table 
for each condition. Separate analyses of variance were performed on 
each of these strategies with Groups, Order and Transfer tasks ав the 
faetors for the position strategies, and Groups and Order as the factors 
in the object strategy analyses. Table 3 presents a summary of these 


TABLE 3 


Summary or ANALYSES ON STRATEGY RESPONSES 


Position Object Position Object 
Perseveration Perseveration WSLS WSLS 


F dj LE ape aaa ер 


Groups (G) 9.49: 2/90 8.55: 2/90 14.24 2/90 3.24 2/90 
Order (0) — MOO сс E 
ахо ae N za 
Transfer tasks (T) z = 19.81 1/90 
XG = oe EE E 
TXO = ЖОШ Za DA 
TxGxo AU. 4.440 2/90 
Duncan multiple range tests 
Position Object Position Object 
Perseveration Perseveration WSLS WSLS 
Control 6-year-olds p X <.001 рх <.01 p X «.001 рх <.05 
vs. 
Control 4-year-olds 
Control 6-year-olds p X <.001 рх <.001 рх «.001 n.s. 
vs. 
Experimental 4-year-olds 
Control 4-year-olds PX <.05 ns. рх <.05 nS. 
vs. 


Experimental 4-year-olds 


° <.05, 

^ <.01. 

* <.001, 
analyses, and the Duncan multiple range tests performed on the group 
factors. The analysis on the number of responses corresponding to 
position perseveration indicated that only the effect of Groups was 
significant. The multiple range tests indicated that both training and 
age were related to the amount of positioning in the transfer trials. 
The 6-year group made the fewest position responses, followed by the 
experimental 4-year group. The control 4-year Ss made the most position 
responses, 

A similar analysis of object perseveration on the RS task revealed 
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that more cue perseveration oceurred when the reversal paradigm pre- 
ceded the NS task. Age was the only reliable factor within the groups 
since both 4-year groups made more responses to one stimulus than did 
the 6-year-old Ss, but there were no reliable differences between the 
4-year groups. 

On the WSLS analysis of position responding, the differences between 
all groups was significant, indicating an influence of both age and train- 
ing. There was also more overall WSLS positioning in the RS task than 
the NS task. The 6-year-old Ss were affected by the order of the two 
tasks; they made more WSLS responses in the RS task only when it 
preceded the NS task (Task X Order, F = 5.86, df = 1/30, p < .05; 
NS vs. RS at Order RS-NS, t = 2.72, df = 15, p < .02). For both 4-year- 
groups, WSLS positioning was affected only by type of task; there were 
more WSLS responses to position in the reversal task (F — 12.50, df — 
1/30, p < .01, and F = 5.87, df = 1/30, р < .05, for Experimental and 
Control 4-year-old Ss, respectively). 


SUMMARY OF FINDINGS AND DISCUSSION 


‚ Four-year-old children are able to learn oddity with reasonable effi- 
ciency under conditions which minimize interference. Although Harlow 
(1958) suggested that oddity learning was beyond the capacity of the 
4-year-old child, in the present study those children who were able to 
form a stable discrimination indicated mastery of the oddity problem 
when training and testing corresponded to the NS paradigm. 

‘ Three-year-old children had greater difficulty than the other age groups 
in establishing a stable discrimination in the 3-stimulus oddity dis- 
crimination problem. This is consistent with previous findings (Saravo 
and Kolodny, 1969) in which 3-year-old Ss were unable to sustain 
criterion performance in successive discrimination problems. 

Oddity discrimination training appeared to improve the ability to 
make a stable discrimination response more than it improved oddity 
responding. Since а stable diserimination response is a prerequisite to 
the solution of any problem which follows a consistent rule, this prob- 
ably accounts for part of the training effect which was found in the 
transfer tasks, i.e., the superior transfer performance of the experimental 
4-year-group compared to the control 4-year-group, who were not given 
the learning set training. А 

Тһе two-pair RS procedure was more difficult than the NS procedure 
for Ss, indicating that the confounding effects of cue perseveration may 
have obscured the results of some earlier studies of oddity. While this 
study used a random oddity reversal task, the successive reversal oddity 
task is equally confounded. In the latter procedure, Ss are trained on 
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one set (ABB) until a stable discrimination occurs, then are trained on 
the reversal (BAA), This procedure continues with the same stimuli until 
some overall learning criterion is reached. In this method oddity learning 
cannot be inferred, since Ss may learn to reverse to the cue of change 
in the stimulus set (e.g., Hoyt, 1960, 1962). Furthermore, many studies 
using multiple “sets” have defined a set as two pairs of stimuli, using 
the random two-pair reversal technique within each of these “sets,” 

In addition, the breakdown of oddity responding in the reversal task 
(i.e., in the NS-RS order) indicates that negative instrumental transfer 
is an important factor even when the relevant observing responses have 
been learned. 

While overall performance as measured by errors showed no order 
effects, object perseveration and WSLS positioning were apparently so 
affected. These nonsolution responses indicated that performance was 
retarded when the RS task came at the beginning of oddity learning, 
The RS task lends itself easily to object perseveration; in the NS task 
object perseveration is prevented, and solution responses can be rein- 
forced. The object perseveration tendency would therefore be reduced 
when the NS task preceded the RS task. 

An explanation for the order effect in the WSLS position strategy for 
the 6-year-old Ss is not so readily apparent. Ss are able to respond to 
position in both tasks so the above explanation is not adequate, A 
tentative explanation is that the rapid changes in stimulus sets during 
the NS task increased the novelty or attention value of the object di- 
mensions and so reduced position tendencies in the subsequent RS task. 
If this analysis is correct, it suggests that the position response is much 
more labile in 6-year-old Ss than in younger Ss, confirming the findings 
of a previous study (Gollin, Saravo, and Salten, 1967). 

Oddity discrimination training produced a reduction of position re- 
sponding which apparently permitted Ss to respond to the object di- 
mension in terms of oddity. The performance of the 6-year-old Ss, 
however, indicated that such procedures were unnecessary for the older 
child: Nonsolution responses to both object and position were very low, 
even lower than the 4-year-olds who were given the training task. Thus 
while younger children are capable of responding to oddity, their per- 
formance is largely dependent on the extent to which the task minimizes 
irrelevant response tendencies. Older Ss are not so dependent on the task 
structure and are able to quickly relinquish response patterns which do 
not produce task solution. 

The correct use of the verbal designators: same, not same, and dif- 
ferent, were of increasing difficulty for the 3- and 4-year-old Ss but the 
6-year-old Ss performed equally well on the three designators. While the 
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ability to verbalize the specifie solution of the oddity problem was related 
to superior oddity performance in the 6-year-old Ss, possession of the 
relevant concepts, same, not same, and different, was not related to 
oddity learning. Furthermore, the performance of the 4-year-old Ss 
indicated that neither possession of relevant verbal labels nor the ver- 
balization of solution were necessary conditions for oddity solution. 
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The Developmental Control of Operant Motor 
Responding by Verbal Operants 


DONALD MEICHENBAUM AND JOSEPH GOODMAN 
University of Waterloo, Ontario, Canada 


The developmental control of Operant motor responding (tapping re- 
Sponse) by the verbal operants "faster" and "slower" was examined with 
54 kindergarten and 30 first grade children. The effects of the verbal 
Operants on motor behavior were assessed under three conditions: Æ 
verbalized the verbal operants; S said the verbal operants to themselves 
aloud; S whispered the verbal operants using only lip movements (ap- 
proximating a covert condition). The major finding was an interaction 
between age and mode of delivery in controlling motor behavior. Kinder- 
garten children's motor performance approximated first grade children when 
self-verbalizations were overt, but covert self-instructions had minimal 
functional control over motor behavior. First-grade children’s self-verbaliza- 
tions had more functional control over motor behavior when covert than 
overt. The results suggested a developmental sequence of the functional 
interaction between speech-for-self and nonverbal operants. 


Children can often be observed talking to themselves. This apparently 
spontaneous speech-for-self, usually of no communicative significance, 
often has significant behavioral consequences. Most actions do not ap- 
pear to be impulsively performed and are often foreshadowed by internal 
verbalizations and thoughts (Vygotsky, 1962). The development of the 
functional interaction between language and nonverbal behavior is an 
intriguing topic. 1 

Two general strategies have been employed to assess the influence of 
Self-verbalizations on behavior. The first strategy is characterized by 
the S's performance on а task and Z's subsequent inference as to the 
Presence or absence of mediational processes. Reese (1962) has reviewed 
the developmental research arising from mediation theory (e.g. reversal- 
nonreversal learning, transposition, discrimination set), which indicates 
that there is a deficiency in mediation in young children compared with 
alder children. In general, the results indicate that with age the tendency 
to make covert verbal orienting and representational responses increases 
and that these responses serve to mediate the execution of the task. 
It is suggested that the overt level responses in younger children have 
^he same effect; on learning as do covert responses in older children. 
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The other strategy, which is designed to assess the interaction between 
verbal and nonverbal behavior, directly manipulates the child's verbal- 
izations and examines resulting changes in motor behavior. The child's 
verbalizations have been manipulated by E giving the child general 
instruetions or a set, or by manipulating the content of the child's self- 
instruetions. The ability to regulate nonverbal behavior by means of 
self-instruetions has been examined by Luria (1961), Lovaas (1964), 
Birch (1967) and Bem (1967). Vygotsky (1962) and Luria (1959, 1961) 
have proposed a developmental sequence by which speech-for-self be- 
comes internalized and directive of one’s behavior. According to Luria, 
the child under two years of age is not able to use speech to direct his 
own behavior. However, the speech of others can initiate, direct, and 
control the child’s behavior, but cannot inhibit or stop an on going 
behavior. During a second stage, the child can use his own speech to 
control his behavior to some extent. Luria suggests that the child’s 
speech has a motor component which helps initiate motor behavior, but 
will not inhibit it regardless of the semantic content of the speech. It is 
only in the third stage that the semantic content of the child's speech- 
for-self becomes dominant, directive, and internalized. Birch (1967), 
using a hand lever depression task to the stimulus presentations of two 
lights which signified “push” and “don’t push,” has offered data in 
support of Luria’s hypotheses. Lovaas (1964), working within an operant 
framework, found that verbal operants or the discriminative stimuli for 
these operants have a directing influence on motor behavior. Children 
were trained to verbally discriminate with the word “fast” to one stim- 
ulus light and the word “slow” to a different colored light and sub- 
sequently their rate of lever pressing and latency of response under 
alternate presentations of these lights was examined. Children aged five 
to six did not bring their operant motor responding under stimulus 
control. In pretraining the S's rate of responding had to be brought under 
the control of E's verbal commands before the S's own verbal behavior 
could exercise control over his nonverbal behavior. Bem (1967) assessed 
verbal self-control with three year olds by requiring them to press a lever 
that number of times corresponding to the number of lights displayed 
which was subsequently covered. She trained the three year olds to 
respond correctly in the presence of external feedback and then shifted 
control of their behavior to their own self-instructions by means of a 
fading procedure. The training procedure included verbal training, verbal 
fading, motor training, verbal-motor training, and verbal-motor fading. 

Lovaas’ and Bem’s results suggest a developmental sequence by which 
overt verbalizations of an adult or E, followed by the child's overt self- 
verbalizations, followed by covert self-verbalizations result in verbal 
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control of motor behavior. The present study was designed to examine 
the relative efficacy of the differential modes of delivery of verbalizations 
in governing nonverbal behavior. In order to assess the degree of verbal 
control of motor behavior, a finger tapping task similar to Lovaas (1964) 
was used in which the child was instructed to tap while the words 
"faster" and "slower" were verbalized by E; or verbalized by the S 
aloud; or whispered by S using only lip movements. The latter condition 
approximates that of a covert condition. The amount of verbal control 
of motor behavior is evidenced by the degree of change in the rate of 
tapping. 

In summary, the relative effectiveness of the mode of delivery of 
verbalizations (covert vs. overt vs. externally administered) in control- 
ling tapping behavior was examined for two age levels (kindergarten and 
first grade). The influence of the content of the verbal operant “faster” 
and “slower” on motor behavior was examined as a within subject 
variable. 


METHOD 
Subjects 


The Ss were 54 kindergarten (27 females, 27 males) and 30 first-grade 
children (14 females, 16 males) who were in a public elementary school. 
The Ss were randomly assigned, equating for sex, to each of three ex- 
perimental conditions, 


Procedure and Apparatus 


Each child was taken by the E to a testing room in his school. The 
Toom was equipped with a child's table and chairs. Prior to the ad- 
ministration of the tapping task Æ assessed the child's understanding of 
the words "faster" and “slower.” The child was required to clap his 
hands faster and slower and then identify which of two toy trucks and 
which of two clock-like dials placed on a vertical board was going faster 
and slower. A criterion of four correct consecutive trials on each of these 
tasks was required in order for S to continue. All Ss were able to meet 
this criterion quite readily. Following the preassessment, which indicated 
that the S understood the meaning of the words faster and slower, the 
finger tapping task was presented. 


“For the purposes of the present paper the whisper condition has been labeled 
a covert condition since many of the children only moved their lips and did RON 
vocalize the words. One may rather conceptualize the aloud and whisper conditions 
ав two different types of overt responding, one with lip movements and sounds and 
the other with lip movements only. 
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The finger tapper consisted of a metal telegraph key with a black 
plastic knob (one inch in diameter). The key was mounted on a 
6X5 x 1-ineh black wooden base and connected to a counter. The E 
pressed the key several times and invited S to try it. S was shown the 
proper method of tapping, namely, with the middle and index fingers 
while resting the other fingers on the wooden base. 

The S's were divided equally among the following experimental condi- 
tions: Externally administered condition in which the child finger tapped 
while the verbal operants were spoken by E; Overt condition in which 
the child finger tapped while the verbal operants were said aloud by the 
child; Covert condition in which the child finger tapped while the verbal 
operants were said quietly by the child (lip movements). Under each of 
the experimental conditions the S was run through six phases: (1) an 
operant phase; (2) a phase where the effect of the word “letter” on 
tapping speed was assessed; followed by the verbal operants (3) "faster" 
and (4) “slower”; (5) “letter” and finally (6) another operant phase. 
Every child was required to press the finger tapper for two trials of 15 
seconds with a 15-second rest between trials. Thus, all Ss had 12 tapping 
trials, namely, two operants, two “letter,” two “faster,” two “slower,” 
two “letter,” and two operants. The only difference between experimental 
groups was that the words “letter, faster, and slower” were presented 
externally, overtly, or covertly. 

The operant period provided a baseline measure of the child’s tapping 
speed when there was no explicit task demand as to the rate of response. 
The first “letter” condition was presented next in order to accustom the 
S's to the concomitant production of two operants, tapping and self- 
verbalization, and to assess the interference effect of verbalizing on 
finger tapping speed. The letter condition was repeated after “faster and 
slower” in order to further assess the interference effect of verbalizations 
on motor behavior. The effect of the words “faster” and “slower” on 
tapping speed reflect the degree of control of such verbal operants on а 
motor operant. The order of the words “faster” and “slower” was 
counterbalanced. The final operant period was included to assess any 
fatigue effect on tapping behavior. 

\ Before each trial Ss in the overt condition were given the following 
instructions: “I want you to tap, and all the while that you are tapping 
you are to say the word (letter, faster, slower) over and over again. 
Say it out loud." Before each phase the E modeled the appropriate 
procedure for S and had the S briefly practice it. Thus, before each trial 
the S was instructed to say the word out loud while tapping. Ss in the 
covert condition were given the same set of instructions, but were told to 
“say the word so softly that I can’t even hear you, like this.” E modeled 
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lip movements for the appropriate word. Before each trial the S was 
instructed to whisper the word while tapping. The rate of self-verbaliza- 
tions for the overt and covert conditions was unspecified, and each S 
emitted the verbal operants at his own rate. The ‘rate of verbalizations 
by E in the externally administered condition was yoked to the S's rate 
in the other two conditions. The mean rate E emitted the verbal operants 
was 25 times per 15-second interval. The Ss under the “faster” and 
“slower” phases for all three experimental conditions were instructed to 
tap “the way the word means” and was reminded that he had success- 
fully identified the faster and slower toy trucks and clock dials. 

In summary, all Ss were required to tap twice under each of an 
operant, letter, faster, slower, letter, and operant phase. The independent 
variables were the mode of delivery of verbalizations (i.e., whether the 
words “letter, faster, and slower” were verbalized by E, by S aloud, or 
by S quietly by means of lip movements) and age of the S (kindergarten 
vs. first grade). The major dependent variable is the total tapping speed 
for the two trials under each of the above phases. 


RESULTS 
The results are examined separately for each of the phases of the 
experiment, namely, the operant phases, the “letter” phases, and the 


phase of the verbal operants of “faster” and “slower.” The analyses 
presented are for the mean total tapping performance for both trials, 
since analyses for the separate trials revealed the same general set of 
findings. No significant differences in tapping speed were found for sex 
or for the order of presentation of the words “faster” and “slower” and 
these factors are not considered further in the analyses. : 
Operant phases, Two operant phases were included in the experiment. 
The first operant phase provided a baseline measurement of tapping 
speeds for the two grades of children. A significant difference (p < .05) 
was found between kindergarten and first grade children in their mean 
total operant speeds, the respective means were 72.17 (SD = 4.85) and 
88.07 (SD = 5.20). The increased speed of the first grade children was 
also found on the final operant phase which was included to assess а 
fatigue effect. The kindergarten children had a mean total tapping speed 
of 75.79 (SD = 8.50) and the first graders a mean of 89.70 (SD = 7.65). 
The observed age differences in tapping speed are consistent with evi- 
dence on growth trends in motor coordination and motor skills (Thomp- 
son, 1962). No evidence for a fatigue effect was found suggesting that 
any changes in rate of tapping speed observed are a function of the 
verbal operants and not of within-subject changes such as fatigue. No 
significant differences were found between the three experimental groups 
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during both operant phases indicating that the groups were equated for 
initial tapping speeds and when the differential treatments were removed 
the groups tapping speeds were once again comparable. Figs. 1 and 
2 compare the three experimental conditions separately for kindergarten 
and first grade children. Table 1 and Fig. 3 each compares directly the 
kindergarten and first grade children for each of the three experimental 


conditions. 
85 + 
75 4 


654 


s] 


MEAN NUMBER OF TAPS PER TRIAL 


45 
EE REE 


W——8 external 
&——À covert 


O——O overt 


^^ 
7 


го л Шак T 
OPERANT LETTER FASTER SLOWER LETTER OPERANT 
PHASES 
А Fig. 1. Mean number of taps per trial for external, overt, and covert conditions for 
kindergarten children. 

d H— —mH external 
S i204 
Б Ae зА covert 
E Ho A 0—0 overt 

1004 “aN 
o 
ےك‎ 904 
Ё 
5 804 
ш 704 
ш 
= 604 
2 

504 
z 
g 404 
z 

ESI T T T T— T 
OPERANT LETTER FASTER SLOWER LETTER OPERANT 
PHASES 


Fig. 2. Mean number of taps per trial for external, overt, and covert conditions fo 


first grade children. 


MOTOR RESPONDING AND VERBAL OPERANTS 


TABLE 1 


EXTERNAL, Overt, AND Covert CONDITIONS 
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MEAN TAPPING PERFORMANCE FOR KINDERGARTEN AND First GRADERS FOR 


Kindergarten First Grade 

External ^ Overt Covert External Overt Covert 

Letter X 71.47 57.50 56.15 84.20 62.60 72.50 

SD 13.49 7.91 12.64 21.35 12.39 12.84 

4 Faster X 79.75 73.50 59.75 109.30 81.00 96.30 
SD 15.42 18.56 17.33 18.16 24.84 28.57 

Slower X 55.10 50.90 54.05 50.70 49.80 51.10 

SD 17.16 12.99 14.21 14.87 14.24 9.99 

Letter X 71.87 58.90 58.20 83.90 61.40 72.20 

SD 13.80 11.88 13.03 19.93 16.77 14.88 


MEAN NUMBER OF TAPS PER TRIAL 


ج 
OPERANT LETTER FASTER SLOWER LETTER OPERANT‏ 
PHASES‏ 


Fra. 3. Comparison of mean number of taps per trial between kindergarten and first 
grade children for external, overt, and covert conditions. 
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Before examining the effects of the mode of delivery of the verbal 
operants (external, overt, or covert) on motor behavior, the frequency 
of the verbal presentations in each condition was examined. Unfortu- 
nately, the records of the emission rates of the verbal operants for the 
Ss in this study were lost because of mechanical difficulty. However, 
Meichenbaum and Goodman (1968) used the same finger tapping task 
with a comparable population (N = 30). No significant difference was 
found between the rate of emission of the verbal operants in the overt 
and covert conditions. The mean emission rates for overtly produced 
verbal operants was 23.50 (SD =8.50) and for covertly produced 
operants 21.75 (SD = 9.45). The externally administered verbalizations 
had been yoked to the performance of the Ss in the overt and covert 
condition. Generalizing from the Ss in the second study it appears that 
the emission rates of verbal operants is constant across overt and covert 
conditions and thus any observed differences in tapping performance 
would be due to the mode of delivery and not the differential emission 
rates of the verbal operants. 

Letter phases. Two “letter” phases were included in the experiment. 
The first accustomed the S in the overt and covert conditions to emit 
two operants concomitantly, i.e., tapping response and self-verbalizations. 
For Ss in the external condition it accustomed them to perform the 
tapping response while E emitted verbalizations. The inclusion of the 
two “letter” phases indicates the differential interference effects of ver- 
balizations by E and self on tapping speed. The three experimental 
conditions were introduced at this phase of the experiment. The results 
are examined first for S differences, then differences in experimental con- 
ditions, and for any S by treatment interaction. The first graders main- 
tained their increased tapping speed (Е = 5.57, р < .005) in the “letter” 
phase across all three experimental conditions. The mean total tapping 
performance for all Ss on both “letter” phases was decreased from their 
operant tapping speeds. An analysis of the treatment effect reveals the 
differential interference effects of the word “letter” when verbalized 
externally, overtly, or covertly. A significant treatment effect (F = 11.59, 
р < 001) was found and an analysis of mean differences indicated that 
for both the kindergarten and first grade group the externally verbalized 
word “letter” had least interference effect on motor performance. An 
interesting effect was found in the interaction of age and the overt and 
covert conditions. No significant difference in tapping speed was found 
when Ss in kindergarten verbalized the word “letter” overtly or covertly, 
respective means of 57.50 and 56.15. However, for first-grade children 
the overt verbalization of the word “letter” interfered significantly more 
with tapping speed than did the covert expression of the word. The mean 
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for the overt condition was 62.60 and for the covert condition 72.50. The 
exaet same relationships were observed on the second "letter" phase 
providing greater reliability to the differential interference effect as a 
function of mode of delivery. In summary, the data from the "letter" 
phase indicates that (a) first-grade children tap faster than kinder- 
garten children; (b) the externally administered verbalization has least 
interference effect; and (e) there is no differential interference for 
kindergarten children when self-verbalizing the word “letter” overtly or 
covertly, but for first grade children the overt expression of the word 
interferes more with performance. 

Faster phase. A significant S difference (F = 14.49, р < .001) was 
evidenced in the "faster" phase with the kindergarten children tapping 
significantly slower than first-grade children when combining across the 
three experimental groups. However, a separate analysis of the mean 
total tapping speed for each of the experimental conditions indicates that 
differences between kindergarten and first grade children are significant 
for only the external and covert conditions, but not the overt condition. 
Kindergarten children, when overtly self-instructing themselves to tap, 
did not significantly differ from the first-grade children. A significant 
treatment effect (F = 6.19, р < .004) and interaction effect between 
treatment by Ss (F = 2.84, p < .05) was found. An analysis of the mean 
difference revealed that for kindergarten Ss the covert condition was 
least efficient in increasing tapping speed and was significantly different 
from the external and overt conditions which did not differ significantly 
from each other. For the first-grade children the most efficient condition 
was the external, then covert, but they did not significantly differ from 
each other. The overt or aloud condition for first-grade children had least 
control over the nonverbal operant. An analysis of difference scores 
where performance on the initial operant or performance for the “letter” 
condition are controlled revealed the same set of relationships. In sum- 
mary, the data from the “faster” phase indicates that (a) first-grade 
children tap faster than kindergarten children, but this difference is only 
significant under external and covert conditions, not the overt condition; 
(b) the differential effectiveness of the verbal operant “faster” in modi- 
fying the nonverbal operant tapping response is a function of the mode 
of delivery of the verbalization and the age of the child. For first-grade 
children the increase in the rate of tapping was equally effected when 
the verbalization “faster” was externally or covertly administered, and 
had least functional significance when the self-verbalization was overt; 
whereas for the kindergarten children the external and overt conditions 
had equal functional control in modifying tapping speed, but the covert 
condition had least functional control. 
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Slower phase. The differential effectiveness of the verbal operant 
“slower” on the nonverbal operant was examined as a function of the 
mode of delivery and age. An analysis of the mean total tapping per- 
formance reveals the absence of a subject, treatment, or interaction 
effect, The Ss did not differ in the absolute level of tapping speed, but 
if one examines the difference scores between tapping performance in 
the “slower” phase and the preceding phase (either “letter” or “faster” 
because of the counterbalancing) then an interesting set of relationships 
is revealed, The use of difference scores assumes that when the S was 
instructed to tap “slower” he used his previous tapping performance as 
a baseline in order to decrease his speed. Table 2 indicates the mean 
difference in total tapping speeds between “letter” phase and “slower” 
phase, and between “faster” and: slower” phases. The larger the number, 
the greater the decrease in tapping speed under the “slower” phase from 
the previous phase. An analysis of both the letter minus slower, and 
faster minus slower phases indicates that first graders are decreasing 
their tapping performance significantly more (р < 01) than kinder- 
garten children. However, a separate analysis of the relative speed of 
tapping for kindergarten vs. first-grade children for each of the three 
experimental conditions indicates that the difference in tapping speed 
between groups becomes nonsignificant for the overt condition. The same 
finding was observed for the “faster” phase. Kindergarten children when 
self-instrueting themselves aloud to increase or decrease tapping speed 
do not significantly differ from first grade children. A significant treat- 
ment effect and interaction effect for both “letter minus slower” and 
“faster minus slower” was obtained (p values less than .05). An analysis 
of mean differences revealed that for kindergarten children the covert 
condition was most inefficient in modifying speed of tapping responses 
and the external condition was most efficient, but not significantly 
different from the overt condition. For first grade children the most 
efficient condition was the external, then covert and finally overt. All 
three experimental conditions differed significantly (p < .05) from each 
other for first-grade children. The aloud or overt self-verbalization had 
least functional control over nonverbal operant for first-grade children. 
In summary, the data from the “slower” phase indicates (a) no signif- 
icant difference between groups or treatments when the absolute level of 
tapping responses are examined; (b) if the previous level of tapping 
performance is included by means of difference scores, then the same 
general pattern of findings as in the “faster” phase is evident. For 
kindergarten children the verbal operant “slower” has less functional 
control of motor behavior when the mode of delivery is covert than 
external or overt. When the self-verbalization is overt the performance 
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5 TABLE 2 
MEAN DIFFERENCE IN TOTAL TAPPING SPEED BETWEEN “LETTER AND SLOWER” 
PHASES AND “FASTER AND SLOWER” PHASES* 


External Overt Covert 
Letter minus Slower 
Kindergarten 16.40 8.40 2.10 
First Grade 33.50 11.80 20.90 
Faster minus Slower 
Kindergarten 24.30 23.20 5.70 
First Grade 58.70 30.20 45.20 


* The larger the number the greater the decrease in tapping speed under the “slower” 
phase from the previous phase. 
of kindergarten children approximates and is nonsignificant from that of 
first graders. First-grade children manifest most control when verbal 
operants are external, then covert; whereas overt self-verbalizations re- 
sult in the least functional control of motor behavior. 


DISCUSSION 

The results indicate that the mode of delivery of verbalizations is an 
important variable in the development of verbal control of motor be- 
havior. An interaction between the age of the child and the mode of 
delivery revealed that (a) Kindergarten children’s motor performance 
approximated that of first grade children when self-verbalizations were 
aloud or overt, but covert self-verbalizations had minimal functional 
control over nonverbal operants; (b) first-grade children’s self-verbaliza- 
tions had more functional significance when covert rather than overt. 
First-grade children’s motor behavior was significantly more responsive 
to H's external commands than that of kindergarten children. The above 
relationships were evident for both the verbal operants “faster” and 
“slower” and for the general interference effect of the word “letter.” 
The differences between the experimental conditions were not due to 
differences in motor ability, differential understanding of the words, or 
fatigue effects. The groups had been equated for tapping speed and were 
carefully tested as to their comprehension of the verbal operants. 

Meichenbaum and Goodman (1968) used the same finger tapping task 
to examine the relationship between Kagan’s (1966) reflection-impulsiv- 
ity dimension and the verbal control of motor behavior with kindergarten 
children. A significant relationship between the manner (number and 
pattern) in which the child produced verbal operants to control his 
motor behavior and the conceptual tempo dimension of reflection- 
impulsivity was found. The reflective kindergarten children were sig- 
nificantly more likely to use their self-verbalizations in a semantic 
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manner, tapping several times for each self-instruction; whereas im- 
pulsive children were more likely to use self-instructions in a motoric 
manner, tapping each time they produced a verbalization. These results 
indicate that children use self-verbalizations in different manners to 
control their nonverbal behaviors and this may relate to the development 
of cognitive styles. 

'The results of the present study are consistent; with the general finding 
that for younger children covert self-verbalizations have minimal func- 
tional significance, but their overt self-instructions seem to serve the 
same function as older children’s covert verbalizations (Reese, 1962; 
Kendler and Kendler, 1962; Birch, 1966). An interesting finding was 
that for first graders overt self-verbalizations had less functional control 
over motor behavior than covert self-verbalizations. Kendler, Kendler, 
and Carrick (1966) using a inferential problem solution task also found 
that an overt label facilitated performance of kindergarten children, but 
interfered with the performance of third grade children. These findings 
suggest that language gains functional significance by means of a 
developmental sequence: First motor behavior is brought under the con- 
trol of an adult’s or E's overt verbalizations; then under the child's overt 
self-verbalization and then under a diminished self-verbalization such as 
talking quietly to oneself as in the present experiment, and finally under 
the control of implicit self-verbalizations. The results of the present 
study suggest that for the task employed, the kindergarten children were 
at the stage where overt self-verbalizations had greater functional control 
than covert self-verbalizations; whereas first graders passed this stage. 
Forcing first-grade children to make overt their self-verbalizations re- 
sulted in less control of motor behavior. 

What factors contribute to developmental verbal control of motor 
behavior? Lovaas (1964) has suggested such factors as the deferred 
imitation of parents’ verbalizations, the reinforcement for behaving in 
accordance with one’s self-verbalizations, and the self-reinforcement 
arising from the performance of nonverbal behavior which is in accord 
with previous self-verbalizations (e.g., planning behavior). Present re- 
search is being conducted to examine the role of such social-develop- 
mental factors in explaining the functional interaction between verbal 
and nonverbal behavior. 

One of the pedagogical implications of the present study is that 
teaching procedures employed be adaptive to the child’s optimal stage 
of self-verbalization. The present results suggest that younger children 
be encouraged to self-verbalize aloud and this should be gradually faded 
to implicit speech. Overt speech-for-self appears to be a constructive 
and facilitative operant which has important behavioral consequences. 
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Perceptual Variables in the Transposition Behavior 
of Children! 


Tuomas J. TIGHE AND LOUISE S. TIGHE 
Dartmouth College 


Two experiments on transposition behavior in first-grade children are 
reported. In the first, perceptual pretraining with either 3 stimulus values 
appearing on the dimension in pretraining or with continuous variation of 
the dimension was found to significantly facilitate transposition, But 
identical perceptual pretraining with only 2 stimulus values on the 
dimension had no effect on transposition, regardless of whether these values 
were relatively close or distant on the continuum. The second experiment 
compared 3 modes of stimulus presentation during the transposition test 
phase: (1) Simultaneous presentation of training and test pairs; (2) alter- 
nating presentation of training and test pairs; (3) presentation of the test 
pair only, as in the customary transposition test procedure. Transposition 
was maximal in (1), minimal in (3), and intermediate in (2). 


This paper presents two experiments in a series of studies of the role 
of perceptual learning in the discrimination processes of children. Earlier 
experiments have defined a set of pretraining conditions of a perceptual 
nature which produce facilitation of discrimination reversal learning 
(Tighe, 1965; Tighe and Tighe, 1968a) and transposition (Tighe and 
Tighe, 1968b) in young children. The major feature of the pretraining is 
that Ss are required to make nonreinforced same-different judgments to 
successively presented stimulus objects which vary along the dimensions 
(size and brightness) appearing in the subsequent discrimination tasks. 
Following the conceptions of differentiation theory (Gibson and Gibson, 
1955; Tighe and Tighe, 1966), which provided the impetus for these 
experiments, it is assumed that such pretraining promotes differentiation 
of the task stimuli and that facilitation of discrimination following such 
treatment is due to an increase in S's sensitivity to the distinguishing 
features of the task. 

An interesting finding in these experiments is that facilitation of re- 
versal obtained when four stimulus values appeared on each dimension 
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in pretraining but not when only two stimulus values specified each 
dimension. Appropriate controls established that this outcome was not 
due to the greater number of stimulus exposures or longer training time 
required by the four-value as compared to the two-value condition. 
The differential effect of two- vs. four-values per dimension was con- 
firmed in a later study (Tighe and Tighe, 1968c) which also demon- 
strated that reversal learning is facilitated when only three stimulus 
values appear on each dimension in pretraining. Experiment I tests two 
hypotheses which might account for these data. The first hypothesis is 
that degree of perceived continuity among stimulus values may be a 
critical factor in the isolation of dimensions of this type. That is, when 
three or four stimuli, as opposed to two stimuli, specified each dimension, 
the children may have been more likely to perceive similarity and there- 
fore more likely to respond to them as a distinct class of cues. The 
second hypothesis is that the smaller distance between stimulus values 
in the three- and four-value conditions evoked greater perceptual search 
and thus made more likely the isolation of the task dimensions. These 
hypotheses are tested by comparing the transposition behavior on the 
dimension of height of children who were perceptually pretrained under 
the following conditions of dimensional representation. (1) Two-value- 
far condition: Only two stimulus values (A and C) specified the height 
dimension. (2) Three-value condition: Stimuli A and C were presented 
plus a third intermediate value B. (3) Two-value-near condition: Two 
relatively close stimulus values were presented. One-half the Ss in this 
condition were pretrained with stimuli A and B and the other half with 
stimuli B and C. (4) Continuous variation condition: Subjects in this 
condition experienced continuous variation of the dimension between the 
extremes of stimulus values A and C. 


METHOD 


Subjects. The Ss were 50 first-grade children divided into 5 groups of 
10 each for differential pretraining treatment. Each S was run indi- 
vidually in а small room adjacent to his classroom. 

Pretraining procedure and apparatus. In all pretraining conditions, the 
stimuli were 15-inch diameter wood cylinders which varied in height. 
All cylinders were covered with black enamel paint. The stimuli were 
presented in an apparatus designed to enable discrete presentation of 
stimuli and to shield the motions of E from S's view. For pretraining 
conditions other than the continuous variation condition, this consisted 
of a four-walled plywood structure 18 (long) X 9 (wide) X 19-inches 
(high) which was placed on a table lengthwise before S. The front and 
rear walls of the apparatus contained sliding doors which could be opened 
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by E from behind the apparatus. At the start of each trial the front 
door was opened to reveal a three-walled compartment 8 inches deep 
with walls 8 (wide) X 19 inches (high). Cut into the floor of this com- 
partment were two % (deep) X 134-inches diameter holes which served 
as stimulus holders. One of these holes, intended for placement of com- 
parison (Co) stimuli, was in the approximate center of the compartment 
floor while the other, intended for placement of а standard (St) stimulus, 
was placed about two inches to the right and forward of this point. 

In the two-value-far training condition E presented only a 215-inch- 
high cylinder (stimulus A) or a 7-inch-high cylinder (stimulus C). On 
а given presentation series, one of these stimuli was designated as & 
St and placed in the appropriate hole. The E then opened the front door 
of the compartment and said, “Let’s pretend that this object is yours. 
Look at it carefully. I am going to show you some others one at a time. 
You tell me when you see one that is exactly the same as yours.” 
The E then closed the sliding door, removed the St, placed a Co stimulus, 
and reopened the door with the question, “Is this exactly the same as 
yours?” This question was repeated with each Co stimulus presented. 
Both stimuli were used as standards and each child received four series 
of stimulus presentations with each of the two standards. A series con- 
sisted of presentation of the St and the 2 possible Co stimuli, i.e., stimuli 
A and О, and S rendered a same-different judgment to each stimulus 
presented. The order of selection of the standards and the order of 
presentation of the Co stimuli were random. 

In the three-value condition E presented stimuli A and C plus a 
434-inch high cylinder (stimulus B). Stimuli A and C served as the 
standards and in all respects the training was identical to that in the 
two-value condition except that a series consisted of a St plus the three 
possible Co stimuli, ie., stimuli A, B, and C. 

In the two-value-near condition, training was identical to the two- 
value-far condition except that 14 the Ss saw stimuli A and B while the 
other half saw only stimuli B and C. 

In the continuous variation condition the stimulus presentation ap- 
paratus was constructed around a 32-inch-high table with a 9 X 28-inch 
top. A 28 X 35-inch piece of plywood attached at a right angle to the 
front of the table shielded the table and motions of E from S's view. 
A sliding door in the top center of the shield could be opened to reveal 
a three-walled compartment 8-inches deep with walls 8 (wide) X 16 
inches (high). The rear wall of the compartment was a sliding door 
which could be manipulated by E from behind the apparatus. A move- 
able metal rod projected up through the center of a circular opening 
134-inch in diameter in the center of the compartment floor. The tip of 
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this rod was inserted into the center of the base of a 1334-inch-high 
cylinder which, so placed, extended through the hole and below the floor 
of the compartment. By manipulating а set serew beneath the floor of 
the compartment E could raise or lower the rod, thus changing the height 
of the cylinder visible to S. About 2 inches to the right and forward from 
this variable cylinder a %4-inch deep and 134-inch-diameter hole served 
as a holder for the St stimuli. Stimuli A and C were used as the 
standards. On a given presentation series, the sliding door was opened 
far enough to permit S to view the St but not the variable stimulus, and 
E said, “Let’s pretend that this object is yours. Look at it carefully. 
I am going to take this away and show you another one and I want 
you to tell me when it looks exactly the same as yours." The E closed 
the sliding door, removed the St, set the Co stimulus to either height A 
or C (ie, to the height which differed from whatever St had been 
presented), and reopened the door. The E then varied the height of the 
Co so that it continuously approached the height of the St, and instructed 
S to say “stop” when the Co looked exactly the same as “his.” A series 
consisted of presentation of a St and one adjustment of the variable 
cylinder. In this way, S had the same number of exposures to each 
stationary stimulus value during pretraining as Ss in the other pretrain- 
ing conditions, i.e., on each series S saw as stationary stimuli the St, 
the initial value of the Co, and the terminal value of the Co. As in the 
other pretraining conditions, four series were given with each St stimulus. 

None of the judgments or observations in any pretraining condition 
were corrected or reinforced and all were based solely on vision. The 
number of experiences with each Co and St stimulus was the same in all 
pretraining conditions. The time required for perceptual pretraining was 
about the same in the various conditions, ranging from 5 to 7 minutes. In 
order to make clear to S the meaning of the instructions he was to 
receive in pretraining, Ss in all pretraining treatments were first given 
about 4 minutes practice in making corrected same-different judgments 
on cookie cutters varying in shape and hue. 

Ten additional Ss worked for an equivalent period of time on tasks 
unrelated to the subsequent discrimination tasks and designed to control 
for nonspecific transfer effects. The tasks were modifications of the 
Picture Completion and Picture Arrangement subtests of the Wechsler 
Intelligence Scale for Children. 

Discrimination tasks. Immediately following pretraining all Ss learned 
a discrimination between a pair of black cylinders 4 inches and 515- 
inches in height. These stimuli were presented on a simple turntable 
device as described in Kendler and Kendler (1959) except that the rear 
of the presentation device was extended in height to provide a uniform 
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background for the training and test stimuli. The S made his choice by 
picking up one of the cylinders on each trial and if correct found а 
marble under it. The S was told that the “game” was to see how soon he 
could find a marble every time he chose. Tall and short were used 
equally often as the positive stimulus within all treatments. When 8 
made 9 correct out of ten consecutive responses, the transposition task 
was presented immediately without change of instructions. All Ss re- 
ceived ten presentations of 1034 versus 15-inch-high cylinders with all 
choices reinforced. These stimulus values were selected as being likely 
to yield little transposition in nonpretrained Ss of this age and therefore 
as being likely to produce a suitable baseline against which to measure 
the effect of perceptual pretraining. Selection of these values was guided 
by Zeiler’s data (1967). Throughout training the stimulus pairs were 
presented according to a prearranged sequence designed to control for 
order and position effects. Each S was assigned to groups and positive 
stimuli on a predetermined random basis. At the end of the experiment 
S was allowed to choose a prize from an assortment which included 
charms, bubble gum, whistles, raisins, jack sets, Tootsie Rolls, pencils, 
pencil sharpeners, M & M’s, and flutes. 


RESULTS 


The various pretraining treatments did not differentially affect speed 
of learning the initial discrimination. Table 1 gives the mean number of 
trials to criterion in this task by each treatment group. Analysis of 
variance of these data yielded F < 1. In analyzing the data of the 
transposition test, an S was considered to have exhibited transposition if 
he choose on a relational basis on at least 8 out of the 10 transposition 
test trials, an outcome which would be expected to occur by chance 
approximately 5 times in 100. Table 1 shows the number of Ss in each 


TABLE 1 
MEAN NUMBER or TRIALS TO CRITERION IN INITIAL DISCRIMINATION, MEAN 
NUMBER OF TRANSPOSITION RESPONSES, AND NUMBER ОЕ TRANSPOSERS IN 
EACH PRETRAINING TREATMENT 


Mean number of 


Mean number of transposition Number of 

Treatment trials to criterion responses transposers 
Control 7.5 4.0 1 
Two-value-far 8.9 5.6 1 
Two-value-near 5.2 5.2 3 
Three-value 8.6 9.3 9 
Continuous 7.4 10.0 10 
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treatment group falling in this category. Comparisons of groups on this 
measure were made by Fisher Exact Tests. The procedure outlined by 
Ryan (1959) was used in assigning & level of significance to these 
multiple comparisons. Since there are a total of ten possible comparisons, 
a p level of .005 is required for each comparison to reduce the error 
rate per experiment to the .05 level. By this criterion, the continuous- 
variation condition produced signifieantly more transposers than the 
control condition (р < .001) as did the three-value condition (p < .005). 
Comparison of the control condition with the two-value-near condition 
did not approach significance (p = .29). In other comparisons of interest, 
more transposition obtained in the continuous-variation condition than 
in the two-value-near condition (p < .005), and the difference between 
the latter condition and the three-value condition approached signif- 
ісапсе (р = .01). The identical pattern of conclusions resulted from 
application of Wilcoxon’s test for unpaired replicates to the differences 
between treatment groups in frequency of transposition (relational) 
responses. The mean number of transposition responses for each group 
is listed in Table 1. 

Thus, perceptual pretraining with three stimulus values per dimension 
or with continuous variation between two values significantly facilitated 
transposition while pretraining with two values per dimension, whether 
relatively near or distant on the continuum, had no effect on transposi- 
tion behavior. 


EXPERIMENT П 


The differentiation theory of perceptual development posits that sensi- 
tivity to stimulation is not a static affair but changes significantly with 
S's perceptual experience. Of particular importance for the study of 
discrimination is the assumption that the ability to abstract distinguish- 
ing features (dimensions) of stimulation is often à matter of learning, 
and that we can expect to find both developmental and individual 
differences in the level of such perceptual learning. An analysis of trans- 
Position behavior from this viewpoint suggests that the reported increase 
in transposition with age (Kuenne, 1946; Alberts and Ehrenfreund, 1951) 
reflects an increase in S's tendency to identify the stimulus objects of 
the experiment as members of a common continuum. In the typical uni- 
dimensional transposition experiment the relation between the stimulus 
elements of the training pair or between the elements of the test pair 
is probably relatively easy to perceive since the two stimulus values in 
each of these pairs are generally quite close on the continuum. But it 
may be difficult for the young child to classify the training pair and the 
test pair as belonging to the same continuum since these pairs usually 
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lie far apart. If training and test pairs are responded to as essentially 
different classes of stimuli then it is unlikely that the response strategy 
followed in training will generalize to the test phase. In support of this 
view is the observation that marked developmental differences in trans- 
position behavior usually obtain only when the test stimuli are remote 
from the training stimuli (e.g., Kuenne, 1946). 

If failure to transpose reflects failure to perceive the training and test 
stimuli as members of a common continuum, then we would expect that 
transposition in the young child would be facilitated by a procedure 
which allowed the child to simultaneously view the training and test 
stimuli during the test for transposition, as opposed to the customary 
test procedure in which training and test pairs are presented in suc- 
cession. As a test of this hypothesis, first-grade children received dis- 
erimination training on a pair of stimuli differing in height and then 
underwent remote transposition tests under one of the following condi- 
tions: (1) Simultaneous presentation of the training and test pairs 
during the test phase; (2) alternating presentation of the training and 
test pairs during the test phase; (3) presentation of the test pair only, 
ie., the customary transposition test procedure. 

"This analysis should be contrasted with that of Stevenson and Bitter- 
man (1955), which is also concerned with the manner in which young 
Ss perceive the task stimuli. They distinguish two relational processes in 
transposition behavior—one that is abstract and one that is tied to the 
absolute properties of the specific training situation (e.g. the region of 
the afferent continuum). The former process is assumed to characterize 
the learning of the mature S, while the latter process is thought to pre- 
vail in the younger child and in infrahuman Ss. Under this view, 
transposition in young children is seen as resulting from failure to dis- 
criminate between the training and test sets. In contrast to the differ- 
entiation view, then, the Stevenson-Bitterman hypothesis predicts that 
little transposition will obtain under the simultaneous presentation test 
condition of the present experiment since this condition should assure 
discrimination between the training and test sets. However, Stevenson 
and Bitterman might argue that the simultaneous presentation condition 


is sufficient to instate the “abstract” process assumed to mediate trans- 
position in mature Ss. 


Method 


Subjects. The Ss were 36 first-grade children divided into three groups 
of 12 each. Each child was tested individually in a room adjacent to his 
classroom. 


Apparatus. An apparatus similar to that employed in the two-value 
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and three-value pretraining conditions of Experiment I was used in both 
the discrimination and transposition test phases. The apparatus was а 
four-walled plywood structure 36 (long) X 9 (wide) X 19-inches (high), 
and it was placed on a table lengthwise before S. The front and rear 
walls of the apparatus each contained two sliding doors which opened 
from the center and which were operated by E from behind the ap- 
paratus. When both of the front doors were opened they revealed a 
three-walled compartment 8 (deep) X 16 inches (wide) with walls 19- 
inches high. Cut into the floor of this compartment were four % (deep) 
X 1%4-inch-diameter holes which served as stimulus holders. These holes 
were aligned about 3 inches from center to center with their front edges 
about 2 inches from the front of the compartment. А 4 (high) X 6-inches 
(deep) gray eardboard partition ran from the front edge to the rear of 
the apparatus between the two center holes. Thus, when only one of the 
sliding doors was opened S saw a three-walled compartment 8 (deep) X 
8 inches (wide) with the partition forming one "wall" of the com- 
partment. 

Training procedure. During discrimination training only the last- 
described presentation compartment was used, i.e., at the start of each 
trial only one of the front sliding doors was opened. All groups were 
trained to discriminate between 4 versus 515-inch-high black cylinders. 
The procedure and instructions were those used in the discrimination 
task of Experiment I. Tall and short were used equally often as the 
positive stimulus within all training treatments. When S made 9 correct 
out of 10 consecutive responses, the transposition tests were presented 
immediately. For all groups the transposition test stimuli consisted of 
10% versus 15-inch-high black cylinders. Subjects who received alternat- 
ing presentation of the training pair and the test pair during trans- 
Position test (Alternating Group) and Ss who received presentation of 
the test pair only (Successive Group) viewed the test stimuli in the same 
Presentation compartment utilized in training. For Ss who received 
simultaneous presentation of training and test pairs (Simultaneous 
Group), both sliding doors on the front of the apparatus were opened 
to reveal the four stimuli aligned in the placement holes. Subjects in the 
Successive Group received 10 test trials each of which consisted of 
Presentation of the test pair only. Subjects in the Alternating Group 
received 20 trials during the test phase consisting of 10 presentations of 
the test pair and 10 interspersed presentations of the training pair. 
Temporal order of presentation of training and test pairs was тап dom 
with the restrictions that neither pair was presented more than twice in 
succession and that the test pair was presented on trial one. Subjects in 
the Simultaneous Group received 10 trials consisting of simultaneous 
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presentation of training and test stimuli. For these Ss left vs. right 
positioning of training and test pairs from trial to trial was random with 
the restriction that neither pair appeared on the same side of the central 
partition more than twice in succession. Subjects in the Alternating and 
Simultaneous Groups were reinforced for choice of either of the training 
stimuli and Ss in all groups were reinforced for choosing either member 
of the test pair on all test trials. At the introduction of the test stimuli 
in the Alternating and Successive conditions, E said, “Pick one of these.” 
During Simultaneous presentation E designated either the left or right 
hand pair of stimuli and said, “Choose one of these.” When S had made 
his choice, Æ pointed to the other pair and said, “Now pick one of these.” 
The order in which the training and test pair were designated on any 
presentation was randomly determined with the restriction that the test 
pair was the first to be designated on the initial presentation of the 
testing series. No other instructions or information were given 8 during 
the testing phase of any condition. Hach S was assigned to groups and 
positive stimuli on a predetermined random basis. At the end of the 
experiment S was allowed to choose a prize from the assortment described 
under Experiment I. 


Results 


There were no differences among the treatment groups in speed of 
learning the initial discrimination (F <1). As in Experiment I, an 8 
was considered to have exhibited transposition if he chose on a relational 
basis on 8 or more of the 10 test trials. All of the 12 Ss in the Simulta- 
neous Group exhibited transposition by this measure, while 6 Ss trans- 
posed in the Alternating Group and 1 S transposed in the Successive 
Group. Comparisons of groups on this measure were made by the Fisher 
Exact Test with a р level of .016 required for each comparison to reduce 
the error rate per experiment to the .05 level (Ryan, 1959). By this 
criterion, the Simultaneous Group differed from both the Successive 
Group (p < .001) and the Alternating Group (p < .01). The difference 
between the Successive and Alternating Groups approached significance 
(р = 034). The mean number of transposition responses in the Simul- 
taneous, Alternating, and Successive conditions were 9.9, 7.5, and 5.6, 
respectively. Application of Wilcoxon’s test for unpaired replicates to 
the differences in frequency of transposition responses between groups 
produced the same pattern of conclusions described above. 


DISCUSSION 


Experiment I shows that the relations between conditions of dimen- 
sional representation in pretraining and transposition behavior are the 
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same as those previously observed with reversal learning in Ss of the 
same age. Perceptual pretraining with three or more stimulus values per 
dimension facilitates later transposition and reversal while pretraining 
with only two values per dimension has no effect on performance in 
either task. This pattern of findings suggests that a fruitful line of 
investigation would be the study of known parameters of transposition 
in relation to reversal learning and vice-versa. 

The outcome of Experiment I fails to support the hypothesis that 
distance between stimulus values is the critical factor in the differential 
effect of number of values per dimension, and the fact that the facilitat- 
ing effect of three values per dimension was equal to that of continuous 
variation indicates that the perception of continuousness per se is not 
the crucial aspect. The results of Experiment II support the preexperi- 
mental hypothesis that transposition is likely when S classifies training 
and test stimuli together in that maximum transposition occurred under 
simultaneous presentation of training and test pairs, least transposition 
occurred under successive presentation, and alternating presentation pro- 
duced an intermediate amount of transposition. If identification of train- 
ing and test stimuli as belonging to the same continuum is the critical 
factor in transposition, the question is raised as to how the effective 
pretraining operations of Experiment I altered S's sensitivity in this 
manner. One possibility is suggested by the observation of Riley, McKee, 
and Hadley (1964) that considerable transposition obtains in young 
children when the stimuli involved are ones which these Ss find rela- 
tively easy to place in order along their dimensional attribute (e.g. 
different, auditory intensities), but little transposition obtains when the 
stimuli are relatively difficult to order (e.g, different auditory fre- 
quencies). In relating this observation to Experiment I, note that it is 
only when three or more stimulus values appear on each dimension that 
stimulus ordering by S is likely to be brought into play. That is, only 
when at least three values appear would correct judgment be appreciably 
facilitated by location of the position of each object presented within 
ап ordered series. This analysis suggests that pretraining with continu- 
ous dimensional variation was also effective because it served to identify 
the stimulus objects as members of an ordered series. Presumably, such 
stimulus ordering experience increases S's sensitivity to the continuum 
relating the training and test stimuli, Supporting this analysis is the 
subsidiary observation of Riley, McKee, and Hadley (1964) that their 
visual and auditory ordering pretests probably increased frequency of 
transposition—an effect they attributed to a “certain instructional 
quality of the ordering procedures.” ы 

The present analysis of transposition behavior should be considered 
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in relation to the considerable number of studies comparing the effect of 
simultaneous vs. successive presentation of the training stimuli in 
relation to subsequent transposition tests in both human and infrahuman 
subjects (see Hebert and Krantz (1965) for a review of these experi- 
ments). The general stimulus to these studies has been the absolute- 
relational controversy. The argument is that if organisms learn to 
discriminate on the basis of the relations between the stimuli then 
simultaneous presentation should yield better transposition than succes- 
sive presentation, while if the effective stimuli are the absolute properties 
of the positive and negative stimuli then presumably mode of presen- 
tation should have little effect on transposition scores. In contrast, the 
present argument is that the crucial question in relation to the trans- 
position experiment is not whether organisms relate the members within 
the stimulus pairs, but whether they relate the training and test pairs. 
Pursuing this line of reasoning, it is questionable whether S’s choice 
behavior during transposition tests is an adequate basis upon which to 
infer response to absolute vs. relational properties of the stimuli during 
the training phase. Thus, Ss might discriminate both the training stimuli 
and the test stimuli on the basis of their relative properties, yet choose 
different aspects of the relation (i.e. the larger vs. the smaller) during 
training and testing if the distinguishing feature common to these phases 
has not been fully abstracted. 
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Effects of Varying Delay of Reinforcement and 
Postreinforcement Intervals on Learning 
of Retardates* 


Sruart M. KEELEY 
Bowling Green State University 
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University of Illinois 


All combinations of two levels of delay of reinforcement (0 and 15 sec- 
onds) and two levels of postreinforeement intervals (1 and 16 seconds) were 
used in a two choice discrimination learning task with institutionalized 
retardates, Significantly more correct responses were given under 0-second 
delay. Latency of responding was significantly shorter under 0-second delay 
than under 15-second delay, and was also shorter under 1-second postrein- 
forcement than under 16-second postreinforcement conditions, The interaction 
of postreinforeement interval by blocks of trials produced a significantly 
greater shortening of latency in the 1-second condition over the five blocks 
per day. The latency results indicated that delay interval should not be 
confounded with postreinforcement interval since both intervals influence 
latency of responding. 


Several studies have compared discrimination learning performance 
in children under delay of reinforcement conditions with performance 
under immediate reinforcement. With fourth grade children as Ss and 
colored lights as stimuli, investigators have found no effect of delay on 
acquisition performance (except in one difficult task) but have found 
significantly shorter response latencies to immediate reinforcement trials 
(Erickson and Lipsitt, 1960; Etzel and Wright, 1964; Hockman and 
Lipsitt, 1961). These studies suggest that the main effect of delay of 
reinforcement is on speed of response, not accuracy. 

Slower acquisition and shorter response latencies during delay of 
reinforcement are found when kindergarten and first grade children 
serve as Ss and the stimuli vary in size and form (Terrell and Ware; 
1961; Terrell and Ware, 1963; Ware and Terrell, 1961). Slower acqui- 

"This study was supported in part by PHS grant NB 07346 from the National 
Institute of Mental Health. 
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sition under delay was also found by Markowitz and Renner (1966) 
with third graders as Ss and line drawings as stimuli. 

Discrimination learning in the mentally retarded child has been found 
to be deficient to that of normal children (House and Zeaman, 1958; 
Girardeau, 1959). Studies by Shoelkopf and Orlando (1965), Hethering- 
ton, Ross, and Pick (1964), and Ross, Hetherington, and Wray (1965) 
have found that reinforcement delay is an important factor in the de- 
termination of discrimination learning efficiency in retardates. Delays 
as brief as 5 seconds significantly reduce learning performance. These 
studies have not measured speed of response. 

The above results indicate that the finding of a temporal gradient 
varies with the subject population and the complexity of the stimuli. In 
addition, these findings are difficult to interpret theoretically, since they 
have typically ignored intertrial interval as a possible important in- 
fluence on discrimination performance (Terrell, 1965). Brackbill (1964) 
found that an interpolated task following immediate reinforcement im- 
paired acquisition, suggesting that the children needed time to digest 
their “knowledge of results.” With adults, Bourne and Bunderson (1963) 
found a significant postreinforcement effect in a concept formation task. 
As postreinforcement interval increased, the number of correct responses 
increased linearly. In a thesis, Wooley (1968) obtained a significant 
effect on latencies when she varied both delay and postfeedback in a 
UM retention design similar to that used by Brackbill and Kappy 

1962). 

"These findings suggest that an S's behavior following reinforcement, 
and/or feedback may be an important determinant of discrimination 
learning performance. Typically, intertrial interval is confounded with 
postreinforcement interval. When intertrial interval is held constant, 
postreinforeement interval must vary with changes in the delay of rein- 
forcement interval. Separation of pre- and postreinforcement influences 
appears to be a necessary step toward an adequate theoretical explanation 
of the temporal gradient. The present investigation systematically 
manipulates pre- and postreinforcement intervals in a multiple simul- 
taneous discrimination task with mentally retarded children. In addition 
to accuracy measures, latency measures, which might be expected to 
reflect delay influences not reflected directly by accuracy measures alone, 
are obtained. 


METHOD 


Subjects 


Twelve mentally retarded boys with a mean age of 142.9 months 
(SD = 18.0) and mean mental age of 71.6 months (SD = 9.3) from 


580 KEELEY AND SPRAGUE 


Lincoln State School, Lincoln, Illinois, were selected to participate in 
this study. 


Apparatus 


An automatie version of the Wisconsin General Test Apparatus was 
used in this study. The stimuli were colored slides of two pictures taken 
from children's books, and the slides were projected onto the rear of two 
Lensereen windows which were mounted in a panel in one wall of the 
experimental room. S was seated facing this panel, and he pressed the 
windows directly to indicate his response. Throughout the study when- 
ever S pressed a window, the stimuli were turned off until the onset of 
the next stimulus presentation. Midway between the windows and 
slightly below them was a clear plastic container into which M & M’s 
were ejected. The candy was easily visible to the S and readily obtainable 
throughout the experimental session. The timing sequences and the 
order of the stimuli were automatically programmed with standard be- 
havioral relay equipment. Correct responses and latency of the re- 
sponse in tenths of a second were manually recorded by Es. 


Procedure 


Extensive pretraining was given in an attempt to minimize learning 
set effects and to insure that the Ss understood their task. Pretraining 
was conducted over 2 days with three problems. The first problem con- 
sisted of a picture and a blank. On this problem and all subsequent 
problems, the correct stimuli appeared in either the left or right window 
as dictated by a Gellerman series. This problem was shown for 25 trials. 
The second problem contained a picture and an amorphous mass; this 
problem was presented for 25 trials. In both the first and second pre- 
training problems, the picture was the positive stimulus. The third and 
final pretraining problem was similar to the two choice discrimination 
problems used in the experimental sessions. An entry criterion of 20 
correct responses in 25 consecutive trials was established on this third 
pretraining problem. All Ss met this criterion. After meeting the criterion, 
40 overlearning trials were given on the third problem. 

Upon completion of pretraining, S began the 4-day sequence of ех- 
perimental sessions. Within each session, 5 problems were presented for 
10 trials each for a total of 50 trials per session. After 10 trials ofa 
problem, S was given 45 seconds of rest before starting the next problem. 


*The authors thank Dr. Louis Belinson, Superintendent, and Mr. William R. 
Chambers, Psychologist, for their permission to use the facilities and patients at 
Lincoln State School. 
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Two levels of delay of reinforcement (0 and 15 seconds), and two levels 
of postreinforcement intervals (1 and 16 seconds) were used which de- 
termined the length of a trial. The postreinforcement intervals were 
set 1 second longer than the delay intervals to permit the projector to 
change slides. Only one combination of the four possible combinations 
of delay and postreinforeement were given on a particular experimental 
day; e.g, O0-second delay and 16-second postreinforcement; x 
quent days, S received other combinations until he recei 
possible combinations. Twelve possible orders over days of the four 
combinations were randomly assigned to Ss so that no two Ss had the 
same order of treatments over the four days. 

On each trial Es recorded S's responses, but latencies in tenths of à 
second were recorded only for the total of а 10-trial problem. 


RESULTS 


An analysis of variance was performed on the logarithmic transfor- 
mation of the number of correct responses per problem. (A logarithmic 
transformation was done to reduce the heterogeneity.) Only the delay 
variable is significant; F(1,11) = 5.42, р < :05. The arithmetic mean 
number of correct responses in the 10 trial problem in the 0-second delay 
Was 9.0, and in the 15-second delay condition was 7.6. 

An analysis of variance was also performed on the reciprocal trans- 
formation of the latency data. The mean latencies in seconds for the 
delay and postreinforcement conditions and their sub-groups is given in 
Table 1. It can be readily ascertained that a significant delay effect 
[F(1,11) = 43.16, p< .001] is due to longer latencies under the 15- 
second delay condition and that the significant postreinforcement effect 
[F (1,11) = 1446, p < .01] is attributable to the longer latencies under 
the 16-second postreinforeement condition. A significant interaction was 
not obtained between the delay and postreinforcement variables. Also, 
the means of the 15- and 1- and 0- and 16-second combinations do not 


TABLE 1 
MEAN LATENCIES IN SECONDS 
Delay 
0 15 Average 
1 16.2 22.0 19.1 
Postreinforcement 16 18.7 25.8 22.2 
Average 17.4 23.9 
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TABLE 2 
Mean LATENCIES FOR A PROBLEM IN SECONDS 
Problems 
1 2 3 4 5 
1 21.0 18.9 19.2 18.7 18.0 
Postreinforcement 16 20.9 23.2 22.1 23.2 21.9 
Average 20.9 21.0 20.6 20.8 20.0 


differ significantly. A significant difference between these means would 
indicate that the delay interval has a decremental effect not attributable 
entirely to the intertrial interval. 

There is a significant problem by postreinforcement interval inter- 
action on the latencies; F (4,44) = 3.18, p < .05. Table 2 presents the 
mean latencies for the two postreinforcement intervals over the five 
problems. It can be seen that the latencies are almost the same on the 
first problem, but decrease over problems in the 1-second postreinforce- 
ment condition while showing increasing trends over problems for the 
16-second condition. 


DISCUSSION 


The significant effect of delayed reward in decreasing the number of 
correct responses made by mentally retarded Ss in a simultancous dis- 
crimination problem agrees with the results of several other studies 
(Ross et al, 1965; Shoelkopf and Orlando, 1965). The results indicate 
that retarded children have difficulty bridging the 15-second gap be- 
tween response and reinforcement. 

Post reinforcement interval had no effect on the number of correct 
responses, which may be reflecting the very simple nature of the task. 
However, both pre- and postreinforcement intervals did significantly 
affect response latency. Indeed, the briefer the interval between trials, 
the shorter the response latency. This finding is the primary contribution 
of the study. Two aspects of the latency results are important: (a) The 
latency measure seems to be a more sensitive index of the effects of 
pre- and postreinforcement intervals in that the latency measure was 
statistically significant on both the delay and postreinforcement factors. 
In addition, the accuracy data on the number of correct responses is 
quite prone to either floor or ceiling effects dependent upon the level of 
difficulty for the population being used. Latency data, by its nature 
being а continuous variable rather than a discrete variable (correct VS. 
incorrect), is less prone to such floor and ceiling effects. (b) If latency 
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data is collected in future delay of reinforcement studies, our results 
would indicate that the delay intervals should not be confounded with 
the postreinforeement intervals because both intervals independently 
influence latency of responding. This consideration seems especially rel- 
evant to competing response explanations of delay of reinforcement 
effects on latency and may, in part, account for the discrepancy in 
latency results between such studies as Hockman and Lipsitt (1961) 
and Etzel and Wright (1964), the former supporting a competing re- 
sponse explanation of delay effects, the latter not supporting it. 

The nature of our results suggests that in this type of experiment with 

these Ss, speed of response may be a function of the tempo of the trials. 
The tempo, in essence, may pace the S. The faster the trials are pre- 
sented, the quicker are the responses and vice versa. Indication that 
tempo may be an important variable in determining speed of responding 
comes from a study by Shriner and Sprague (1969). In this investigation, 
a triad of stimuli were visually presented in three windows, and 8 
pressed one of the windows in response to an auditory command, “Show 
me —- — — ," presented by a tape recorder over headphones. When 
the instructions were presented under time compressed speech commands, 
Which of course sounds to the listener as if the speaker is talking very 
rapidly, there was a significant decrease in latency of responding with 
inereased time compression. Although the experimental operations differ 
markedly in the two studies, and altering of the stimulus characteristics 
cannot be equated with varying intertrial interval, both studies are 
Suggestive of effects on latency from the tempo of the task. 
А The finding of significant pre- and postreinforcement effects on latencies 
in this investigation indicates that intertrial interval is an important 
consideration in delayed reward research. This study is limited to only 
two values of pre- and postreinforcement intervals. More definitive 
relationships would, of course, require the use of many intervals. 
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The Effects of Anxiety, Stimulation, and Isolation on. 
Social Reinforcer Effectiveness! 


ALBERT KOZMA 


Memorial University of Newfoundland 


The present study investigated the effects of social isolation on sub- 
sequent social reinforcer effectiveness. High and low anxious Grade-3 Ss 
underwent 0, 3, 6, 12, and 18 minutes of isolation under stimulation and 
nonstimulation conditions. Following isolation, Ss received social reinforce- 
ment for correct responses on a probability matching task. 

A linear relationship was obtained between,length of isolation and rein- 
forcer effectiveness for low anxious Ss. High anxious Ss showed increased 
susceptability to social reinforcement only after brief and prolonged periods 
of isolation. Stimulation appeared to delay susceptability to social rein- 
forcement for both low and high anxious Ss. 


Social isolation studies have consistently demonstrated that а brief 
period of isolation leads to increased social reinforcer effectiveness on a 
subsequent learning task (Hill and Stevenson, 1964; Lewis and Richman, 
1964; Lewis, 1965). Despite these consistencies in the data, explanations 
for the findings have differed. The only point of agreement among Te: 
Searchers has been the postulation of an isolation-induced drive. Gewirtz 
and Baer (1958a,b), operating within a satiation-deprivation paradigm, 
assumed that the reinforcing value of a stimulus varies directly with its 
Prior availability. They stipulated that the aroused drive results from 
a lack of “social” stimulation during isolation, and depends on social 
reinforcement for its reduction. As isolation normally also leads to a 
reduction in “sensory” or general stimulation, Stevenson ‚апа Odom 
(1962) argued that the drive is induced through sensory deprivation and 
could be reduced by any stimulus, including a social one. PO; 
‚ Ап unanticipated consequence of isolation appeared to be an increase 
їп Ss’ anxiety, Walters and Ray (1960) claimed that such a “nonspecific 
state of arousal” leads to a general increase in drive, the reduction of 
Which does not require a social reinforcer. The confounding of “depri- 
vation operations" and “anxiety” during isolation led to the development 


*This study is based on a thesis submitted by the author to the Department of 
Sythology, University of Western Ontario, in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy. = 
1 
© 1969 by Academic Press, Inc. 
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of & nonisolation technique for demonstrating the existence of social 
drives (Gewirtz, 1968). Although the new approach appears to have great 
relevance on the social drive issue, it seems entirely irrelevant to the 
development of an adequate explanation for the isolation data. { 

Recent findings (Dorwart et al, 1965; Erickson, 1962) that social 
reinforcers are more effective in increasing performance on a learning task 
than nonsocial ones following isolation suggest that both Stevenson's and 
Walters’ positions need modification. Moreover, Lewis’ (1965) data make ' 
it difficult to retain the Gewirtz and Baer explanation. Lewis obtained 
a social isolation effect (increased social reinforcer effectiveness following 
social isolation) for 3- and 12-minute isolation intervals, but failed to 
find one for 6- and 9-minute intervals. These results point to a non- 
linear relationship between isolation length and social reinforcer effec- 
tiveness, whereas the Gewirtz and Baer explanation would seem to require 
a linear relationship. =) 

Lewis invoked an anxiety explanation for his findings. He suggested 
that initial (3 minute) isolation induced anxiety “over what was going 
to occur when the unfamiliar person (E) . . . returned”; that with the pass- 
ing of time, interest in the environment led to visual exploration and а 
reduction in anxiety (6- and 9-minute intervals) ; that anxiety returned 
once the visual field was exhausted (by 12 minutes). 

The preceding explanation of the social isolation effect (SIE) at- | 
tributes the development of anxiety to a specific source and will there- 
fore be referred to as the specific anxiety hypothesis. х 

Since in the explanation anxiety presumably develops because of an 
antieipated evaluation by E in a test-like situation, a positive evaluation 
on the subsequent task might be expected to reduce such anxiety more 
than other types of reward. If this assumption is accepted, the specific 
anxiety hypothesis would escape the difficulties posed for alternate | 
explanations of the SIE by Erickson (1962) and Lewis (1965) studies. 

The specific anxiety explanation leads to the following two major 
predictions: (a) An increase in visual stimulation during isolation will 
postpone the recurrence of the SIH, and (b) a longer isolation interval 
will be required for low test anxious (LA) Ss than for high test anxious 
(HA) Ss to produce а SIE. The first prediction is derived from the com> — 
peting response role attributed to visual stimulation. Visual exploration w 
supposedly reduces the anxiety produced by a brief isolation (3 minutes 
period. Recurrence of anxiety would be delayed until the visual field had 
been exhausted. The richer the visual field, the greater would be the 
length of exploration and. more prolonged the recurrence of anxiety 
Since the SIE is attributed to anxiety aroused by isolation, its recurrence 
will also be delayed. 1 
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The second prediction follows from the assumption that Ss become 
anxious during isolation because they fear evaluation by a strange Ein 
- a test-like situation. HA Ss would tend to fear such evaluation more than 
LA Ss and should, accordingly, require less isolation time before becoming 
sufficiently anxious to show a SIE. ( 

The present study was designed to test these two predictions. 


METHOD 


Subjects 
Ss were 100 boys and 100 girls attending Grade 3 in London, Ontario, 
public schools. р 


Apparatus and Materials 


A probability matching task was used to assess social reinforcer ef- 
fectiveness. Two decks of 50 cards depicting cats and dogs in a 35:15 and 
15:35 cat-dog ratio served as stimulus material on the learning task. This 
ratio was maintained for each set of ten cards. The order in which the 
two types of cards appeared was randomly determined for every ten 
cards with the exception that neither card could occur more than five 
consecutive times. Cards were dispensed from a plastic card dealer, and 
both cards and card dealer were kept in a box 18 inches long, 12 inches 
high and 6 inches deep, with an open side facing E. 

Visual stimulation (during some isolation conditions) was provided 
by ten posters measuring 18 X 24 inches. All posters had vivid coloring 
and their content included food, furniture, appliances, cars, space-ships, 
and abstracts. In addition to the posters, the isolation room contained 
two fluorescent lights, a table, two chairs, and a one-way mirror. 


Procedure 


Median scores on the Test Anxiety Scale for Children were used to 
differentiate between HA and LA boys and girls. From the resulting four 
Sex-anxiety groups, half the Ss were randomly assigned to one of two 
stimulation conditions in which the posters were either present (у) ог 
absent (NV) during isolation. An equal number of Ss from the eight sex- 
anxiety-stimulation groups were randomly assigned to each of five social 
isolation conditions (0-, 3-, 6-, 12-, or 18-minute intervals). 

Each S was taken individually to the isolation room by the male E, 
Was seated and instructed to wait while E made some preparations, Fol- 
lowing these instructions, E immediately entered the adjacent room and 
Observed S for the appropriate isolation period. The 0 group was actually 


isolated for 1 second in order to keep instructions constant for all goups. 
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Upon the termination of the isolation period, E re-entered the room 1 
with the learning task. S was shown one card depicting a dog and one 
depicting & cat, was asked to identify the animals, and to state his prefer- 
ence. He was then told that he would be required to play a game in which 
he must guess which picture would apppear on the next trial. After S made 
his choice, he was presented with the correct event, whereupon the card 
was removed. All Ss received social reinforcement for correct choices by 
E's warmly saying either “good,” “right,” or “fine.” Each Ss was tested 
on the deck containing the higher ratio of his nonpreferred choice. The 
deck was administered twice, once forward, and once backward for a 
total оѓ 100 trials. Responses were recorded on a check list. 

At the termination of the learning task, S was given a brief question- 
naire about his activities during isolation. 


* RESULTS t 
` Learning scores (total number of choices of the more frequent event) 
were analyzed by a 2 (anxiety) x 2 (stimulation X 5 (isolation) analysis 
of variance design {о assess the effects of anxiety, stimulation, and 
isolation length on social reinforcer effectiveness. Significant effects were 
obtained for stimulation (p < 05), isolation (p < 01), and the 
Anxiety X Stimulation x Isolation interaction (p — .05) (Table 1). 

A plotting of the three-way interaction suggested increased social rein- 
forcer effectiveness for the following groups: 3 HA NV, 12 HA NV, and 
18 HA NV; 6 HA V; and 18 HA V; 6 LA NV, 12 LA NV, and 18 LÀ 
NV;12LA V and 18 LA V (Fig. 1). 

In order to assess whether Social reinforcer effectiveness was in fact 
greater for the groups suggested by the interaction, anxiety-stimulation 


TABLE 1 
ANALYSIS OF LEARNING Scores FOR ANXIETY, STIMULATION, AND 


‘ ISOLATION CONDITIONS 


Source of 

variation df MS F 
Anxiety (A) 1 0.23 
Stimulation (B) 1 34.23 4.20* 
Tsolation (C) 4 30.31 3.72** 
AB 1 0.00 
АП 4 4.22 
Be 4 7.52 
ABC 4 22.48 2.76* 
88 within 180 8.16 

*р «.05. 
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62 
60 
58 
56 
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52 
50 


MEAN NUMBER OF RESPONSES TO THE 
MORE FREQUENT EVENT 


o 3 677/2999 07 337 PAP. RS 
ISOLATION IN MINUTES ISOLATION IN MINUTES 
HA Ss LA Ss 


, Fm. 1. A graphic illustration of the relationship among anxiety, stimulation, and 
isolation conditions. 


groups at all isolation intervals were compared with their 0 control groups 
(Winer, 1962; р. 238). Since stimulation could not play a significant role 
for the 0 isolation groups (there was no time to look) Group 0 HA NV 
Was combined with 0 HA V, and Group 0 LA NV was combined with 
0 LA V for the comparison. The procedure gave a better estimate of the 
control means by doubling the number of Ss in each control group. 


TABLE 2 
DIFFERENCES IN LEARNING Scores BETWEEN THE VARIOUS ISOLATION 
GROUPS AND THEIR 0 ISOLATION CONTROL UNDER ÁNXIETY AND 
STIMULATION CONDITIONS 


Isolation in minutes 


3 6 12 18 
Am. Stim. р pF p F D F D F 
HA NV зі 5.88* —9 0.49 79 98.24% 31 — 5.89* 
У —1 1.20 28 4.80* 13 1.04 18 1.99 .— 
1А NV п 0.74 47 13.54 47 13.049 — 58 7.21" 
V -п 0.74 -8 0.39 43 11.33% 59 21.45 
*p «.05. 
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All indicated differences, with the exception of the 18 HA V group 
were statistically significant (p < .05), and differences between this group 
and its control approached significance (p < 20) (Table 2). 

| pm |! DISCUSSION 

These data jsuggest: (a) A postponement of the SIE due to increased 
visual! stimulation for both HA and LA Ss; (b) the earlier appearance ¥ 
of he SE for HA than for LA Ss under both NV and V conditions; (c) 

a nonlindar relationship between isolation length and increased social 
ыз к effectiveness for HA Ss; and (d) a linear relationship between 
isolation length and increased social reinforcer effectiveness for LA $8. 
The first two findings are direct predictions from the specific anxiety 
hypothesis and may be taken as support for it. 

The nonlinear relationship obtained between isolation length and social 
reinforcer effectiveness for HA Ss is also consistent with a specific anxiety 
interpretation. Data for the HA NV groups were identical with Lewis’ 
(1965) results, and his explanation may be invoked to account for them. 
Tt is suggested that under conditions of minimal stimulation during 
isolation Ss initially became anxious over an anticipated evaluation by 
a strange E; that subsequent visual exploration temporarily reduced 
the anxiety, and that anxiety recurred once the visual field had been 
exhausted. Increased social reinforcer effectiveness at three, 12 and 18 
minutes of isolation is attributed to peaks in anxiety at these periods for 

The introduction of highly vivid stimulus material during isolation 
(HA V groups) might be expected to have led to cursory exploration, & 
delay in the development of anxiety, and a postponement of the SIE. After 
the termination of the brief exploration interval, anxiety would have 
occurred, only to become inhibited again once a more thorough exami- 
nation began. Anxiety would have recurred with the exhaustion of the 
visual field. The SIE for the 6-minute HA V group can be attributed 
to a peak in anxiety at this isolation interval, and the approaching effect 
for the 18-minute HA V group suggests that these Ss had not entirely 
exhausted the more complex visual field. 

Although the linear relationship obtained between isolation length and 
social reinforcer effectiveness for LA Ss was not predicted, these data 
may also be used to support a specific anxiety explanation of the SIE. 
By definition, LA Ss would have been less concerned then HA Ss after 
initial isolation, and would have required a longer incubation period to 
become sufficiently anxious to produce the SIE. During the longer period, 


* Paivio's incubation phenomenon (Paivio, 1963), 
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they might be expected to have indulged in visual exploration and ex- 
hausted the visual field. In the absence of further exploration, anxiety 
would have remained once it occurred. If the SIE is attributed to peaks itl 
anxiety at various isolation intervals, there should have been ап initial 
delay in the occurrence of the effect for LA Ss; once the effect, occurred, 
however, it would have remained for longer isolation intervals. 

Increased visual stimulation during isolation for LA Ss would have 
led to a further postponement of the SIE. A relatively long isolation period 
would have been required for LA Ss to exhaust the more complex visual 
field and to bring about the onset of anxiety. 

The explanation employed here to account for the findings on LA Ss 
calls for: (a) A longer isolation period for LA than HA Ss for the oc- 
currence of the SIE; (b) a linear relationship between isolation length 
and social reinforcer effectiveness for LA Ss; and (c) a further postpone- 
ment of the SIE for LA Ss if isolation occurs in a visually stimulating 
environment. The data on LA Ss in the present study fit the explanation 
perfectly. 
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Free Recall Learning in Normal and Retarded Children! 


JosepH Е. FAGAN III 
Case Western Reserve University 


General and operational distinctions were drawn between item and order 
properties and between primary and secondary organization in multitrial 
Íree recall (MFR) to explore the assumption that poor immediate memory 
on the part of retarded children is due to a deficiency in ordering. Twelve 
educable retardates and 12 normals, matched with the retardates for MA, 
were each given 10 free recall trials on a list of 10 letters drawn randomly 
from the alphabet, Estimates of item recall, primary and secondary order- 
ing, and the frequency of omission, repetition, and intrusion errors were 
obtained, The results indicated (a) a retardate deficit in item recall, (b) no 
normal-retardate differences in primary or secondary ordering, and (c) a 
retardate susceptibility to errors of intrusion, These findings offer no sup- 
port for the hypothesis that the retardate's lowered item recall is due to 
inefficient, organization. 


The available evidence suggests that retardates are inferior in im- 
mediate memory when compared to normal children of similar MA. 
(Hermelin and O'Connor, 1964; Holden, 1965; Neufeldt, 1966; Fagan, 
1966, 19683). Spitz (1966) has proposed that the retarded child's lowered 
Immediate recall is due to a deficiency in organization. His view is that 
the acquisition of information is determined by the organization, both 
Imposed and intrinsic, of the incoming stimulation. Retardates are as- 
Sumed to be less efficient than normals in imposing order on incoming 
material. Thus, the retardates takes in less information than the normal. 
While the ongoing organization of incoming material is difficult if not im- 
Possible to operationalize, the effects of such organization may be inferred 
to some degree from the order in which children retrieve items. To test 
Spitz's hypothesis, modes of ordering stimulation in a given experimental 
Setting must, be identified and measured. Some tasks are better suited for 
this purpose than others. The procedure usually employed in short-term 
Memory research is to present a stimulus complex to S followed by an 


“The author is indebted to Mr. Robert Evans, Principal of the Anderson School, 
Lyndhurst; Mr. George Baily, Principal of the Willowick Jr. High School; and Dr. 
Jane Kessler, Director of the CWRU Mental Development Center for providing 
Subjects and facilities, The assistance of Mrs. Mary M. Parker in preparing materials 
and aiding in the scoring and analysis of data is gratefully acknowledged. 
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occasion for response and, when multiple trials are to be given, to intro- 
duce а new set of items on each trial Such a situation contains few 
possibilities for the measurement of ordered recall, although attempts 
have been made in this direction (Fagan, 1968a). Multitrial free recall 
(MFR), on the other hand, is a fruitful paradigm for the observation 
of ordering. In MFR different arrangements of the same items are pre- 
sented from trial to trial and S is allowed to recall the items in any order 
he wishes. 

Bousfield and Bousfield (1966) have proposed that the analysis of 
MFR be directed toward item and order properties of the data. Item 
properties are indexed by sheer amount of material retained, while order 
properties are estimated from the sequence in which the items are re- 
called. Tulving (1968, pp. 15—16) further distinguishes between primary 
and secondary organization in MFR. According to Tulving, primary 
organization refers to "consistent discrepancies between input and out- 
put orders that are independent of the subject’s prior familiarity with a 
set of items.” The tendency to recall terminally presented items first (the 
recency effect) is cited as an example of primary organization. In the 
present study, primary organization was defined as consistent recall order- 
ing based on the serial position of the item in the list. The specific index 
employed was the serial-position curve which reflects both primacy and 
recency strategies. 

Secondary organization, for Tulving, is any consistent discrepancy 
between list and recall order which is determined by S's "prior . . . at- 
quaintance with the items constituting a list.” Two approaches may be 
taken to the measurement of secondary organization. The first relies on 
E's knowledge of sources of order in the list, such as interitem ог 
categorical associations. The second is independent of E's preconceptions 
and refers to S's consistency in response ordering over a series of trials 
when different permutations of the same items are presented from trial to 
trial Tulving (1962) uses the term subjective organization (SO) to 
describe this consistency, while Bousfield and Bousfield refer to the 
phenomenon as intertrial repetition (ITR). Since this second general 
approach to the measurement of secondary organization permits S to 
supply the criterion of order, it would seem to provide a most objective 
means of studying secondary organizational processes. Prior comparisons, 
however, of retarded and normal children of similar MA on MFR have 
relied exclusively on category clustering as an estimate of secondary 
ordering (Osborn, 1960; Rossi, 1963; Spitz, 1966). In the present study, 
secondary organization was indexed by a scoring system (Fagan, 1968b) 
based on the Bousfield and Bousfield ITR measure, a measure dependent 
on the child’s criterion of order. j 
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A further aspect of MFR data which may increase our knowledge of 
immature memory processes includes the types of errors which children 
commit. Conrad (1959, 1964) and Wickelgren (1965, 1966) have 
demonstrated the heuristic value of error analyses in short-term memory, 
serial recall experiments, while Craik (1968) has attempted to extend 
such analyses to MFR. The present experiment included a comparison 
of normals and retardates on the relative frequency of their omission, 
repetition, and intrusion errors. 

In summary, the purpose of the present study was to compare retarded 
and normal children of similar MA on the item recall, primary and 
secondary ordering, and error characteristics of their MFR performance. 


METHOD 

Subjects 

The sample consisted of 24 Ss, 12 in each of the two groups. The re- 
tardates were educable and noninstitutionalized with no apparent speech, 
hearing, or emotional difficulties. They were drawn from suburban class- 
Tooms where the sex distribution happened to be nine males and three 
females for the CA, MA, and IQ restrictions required in this study. The 
normal Ss were matched with the retardates for sex and MA. Relevant 
CA, MA, and IQ characteristics of the two groups are listed in Table 1. 


"The CA and MA data аге represented in years. 


TABLE 1 
CA, MA, AND IQ CHARACTERISTICS FOR EXPERIMENTAL GROUPS 
(N = 12 PER GROUP) 


———_ 
СА МА 

Group Measure (years) (years) IQ 

Normal M 9.62 9.77 101.50 
SD .60 .63 4.52 

Retarded M 13.02 9.80 75.25 

n SD .78 49 3.69 
Design 


There were two groups: 12 normals (N) and 12 retardates (R). The 
task consisted of orally presented sequences of single letters requiring 
Oral short-term recall. Each S was given 10 free recall trials on a list of 
10 letters. Lists were constructed by selecting 10 different letters ran- 
domly from the alphabet and deriving 10 random orderings of the items, 
with the restriction that obvious letter sequences were avoided. Eight lists 
Were constructed in this manner. Within each group, four Ss received the 
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same lists and trial sequences as one other member of the sample. Across 
groups, Ss were matched for the lists they were to recall. 


Procedure 


The Ss were tested individually in a quiet room. The equipment con- 
sisted of а Panasonie, Model RQ-1568, Tape Recorder. From a prepared 
tape, S heard the word, "ready," followed 2 seconds later by the first 
letter in the message. The letters were presented at the rate of one every 
2 seconds. The word, “now,” followed the last letter in the message by 
two seconds. The S's task was to recall the letters when he heard “now.” 
Following the “now” signal on each trial, S was allowed 30 seconds for 
recall followed by 10 more seconds until the next "ready" signal. The 
words "ready," “now,” and the letters in each message were recorded by 
a female assistant at approximately the same loudness. At the beginning 
of each session, the volume at which the tape was to be played was 
adjusted to a comfortable level for each S and was maintained at that 
level throughout the session. 

Prior to test, S was told, "This is a game to see how well kids remember 
letters. You are going to hear ‘ready’ and then some letters from the 
alphabet. When you hear the word ‘now,’ tell me what the letters were. 
You can remember the letters any way you want to. Then you will hear 
the same letters again but they will be mixed up a different way. The 
object of the game is to remember as many letters as you can each time.” 
Once it was clear that S understood what was expected of him, the ex- 
periment proper began with: “Fine! Now we're going to listen to the 
tape recorder. Remember the object of the game is to tell me what the 
letters were when you hear ‘now.’ You can remember the letters any Way 
you want to.” No S had any difficulty in following the instructions. 4 
typical session lasted about 15 minutes. 


RESULTS 

The major objectives in statistical analyses were to determine the 
effects of IQ on item recall, primary and secondary organization, and the 
distribution of different kinds of errors. From the results of previous 
short-term memory studies, normals were expected to be superior to 
retardates on simple item recall. The combination of Spitz’s assumption 
that lowered recall is due to deficient organizational processes and Tulv- 
ing’s distinction between two types of ordering led to normal-retardate 
comparisons on measures of both primary and secondary organization. 
Finally, given the demonstrated value of error analyses in a variety 0 
memory tasks, an attempt was made to relate intellectual deficit #0 
qualitative distinctions in errors. Specifically, for each experimental group ý 
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(N, R) we determined the number of items correctly retrieved (item 
recall), response ordering based on the serial position of the item in the 
list (serial-position curves), consistent trial-to-trial recall ordering based 
on S-determined inter-item associations (modified ITR scores), and the 
frequency of omission, repetition, and intrusion errors. 


Item Recall 


Item recall was a measure of amount of material retained with no 
value being attached to recall order. According to this scheme, S received 
one point for each letter correctly retrieved. If, for example, S were 
presented with the letters Q-E-C-R-T-A-K-X-H-V and his reply were 
T-X-H-G-R-U, his item recall score would be four, since he had retained 
the letters T,X,H, and В. A critical aspect for quantifying item recall was 
to estimate scores were S to respond randomly. Bousfield and Bousfield 
have developed a formula to determine the expected value of chance item 
recall based on the number of items in the message, h, the number of non- 
repeated items in the reply, k, the number of correctly recalled items, 
б, and the size of the pool from which the items were drawn, w. The ex- 
pected chance value of c is given by the formula A:k/w. In the present 
Study, w, equaled 26, the size of the alphabet. In the example given above, 
S replied with two incorrect and four correct letters. Thus h = 10, k = 6, 
and w = 26, and the expected number correct by chance equals 10-6/26 = 
231. Substracting 2.31 from the observed number of correct letters, 4, 
gives a corrected item recall score of 1.69. Under this scoring system the’ 
maximum corrected item recall score on any trial was 10 — [(10-10)/26] 
or 6.16. 

For each S there were 10 corrected item recall scores, one for each trial. 
From these measures the group’s mean corrected item recall score was 
derived for each trial. These mean group scores are illustrated in Fig. 1. 
The corrected item recall scores were entered into a 2 (Groups) X 10 
(Trials) , repeated measures ANOVA. The superior recall of the normals, 
*pparent from Fig. 1, proved to be statistically significant (Р = 10.82, 
df 1/22, p < .01), as was the general increase in recall over trials for 
both groups (F = 2.76, df 9/198, р < .01). There was no reliable Groups 
X Trials interaction. Thus, the item recall results confirmed the expec- 
tation of a retardate deficit in immediate memory. 


Primary Organization 

The main analysis of primary ordering was based on serial-position 
Curves, derived by plotting frequency of item recall against the serial 
Position of the item in the message. This procedure usually results in 
curves which are bow-shaped with the greatest recall occurring at initial 
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Fia. 1. Mean corrected item recall scores, over trials, for normal (№) and retarded 
(R) 8s. 


and terminal serial positions. The latter phenomena are referred to as 
primacy and recency effects, respectively. In the present experiment, 4 
discrepancy in amount or kind of primary ordering between normals and 
retardates would be reflected in differentially shaped serial-position ц 
curves. As one may see from Fig. 2, the curves for the normals (N) and 
the retardates (R) are virtually identical in form. Both are bowed with 
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Fic. 2. Total item recall as a function of input serial position for normal 00 
and retarded (R) Ss, 
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pronounced primacy and recency effects, and, as is usually the case in 
MFR, recall is somewhat greater for terminal than for initial items. The 
total number of items recalled at each serial position for each S in both 
the N and the R samples constituted the basic data for a 2 (Groups) х 
10 (Serial Positions), repeated measures ANOVA. Main effects due to 
Groups and to Serial Position were highly significant, (F — 9.19, df 1/22, 
р< 01 and Р = 10.29, df 9/198, p < .01, respectively); the former 
indicating the superior performance of the normals on an uncorrected 
measure of item recall and the latter confirming the fact that recall 
depends on serial position. The Groups X Serial Position interaction, how- 
ever, was statistically unreliable (F < 1), which means that differences 
in intelligence did not alter the form of the serial position curve. A 
secondary analysis, aimed at identifying particular primary ordering 
strategies, was undertaken by determining for each S on every trial his 
rank order of item recall in relation to the item’s serial position in 
presentation. Two dominant ordering techniques emerged from this ex- 
amination. Some children consistently began their recall with the first 
items presented. Five of the normals and four of the retardates employed 
such a “primacy” strategy. Other Ss, four normals and five retardates, 
ordered their recall by retrieving the most recently presented items first. 
Three Ss in each group exhibited no identifiable primacy or recency 
strategies. The results obtained from an inspection of both frequency and 
tank order of item recall in relation to input serial position lead to two 
Conclusions: Recall ordering based on the serial position of the list item 
Occurred but did not serve to-differentiate normals from retardates. 


Secondary Organization 


Secondary organization was operationally defined as trial to trial se- 
Quential consistency (SC) in the forward ordering of correctly recalled 
items and was indexed by a modified version (Fagan, 1968b) of the Bous- 
field and Bousfield intertrial repetition (ITR) scoring system. The basic 
Unit of consistency was the recurring bigram or ITR. The replies X-D- 
J-B and J-B-X-D-N, for example, contain the repeated bigrams reg! 
and J-B. SC was expressed as the ratio of the observed number of ITR 8 
to the maximum possible, to obtain an estimate of amount of ordering 
for normals and retardates independent of differences in item recall. This 
Observed measure of sequential consistency, O(SC), was determined by 
the formula O(ITR)/c — 1 where c is the number of items common to 
the two recalls. In the example given above, O(ITR) — 2, c — 4, and 
O (SC) = .67, To estimate the amount of SC expected by chance, E(SC), 
the formula c/h-k was employed, where h is the number of items recalled 
On trial £ and k is the number of items recalled on trial t + 1. Thus, the 
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corrected SC score, O(SC) — E(SC), for our hypothetical S would be 
67 — 20 or .47. Under this scoring system a maximum possible trial to 
trial O(SC) — E(SC) value was .90. 

All Ss received an O(SC), E(SC), and O(SC) — E(SC) score for each 
of the nine possible forward, adjacent, two-trial sequences 1-2, 2-3, . .. 
9-10. The nine scores in each category were then summed to give S three 
total values. The mean total O(SC), E(SC), and O(SC) — E(SC) 
estimates for the N and R groups are listed in Table 2. Inspection of the 


TABLE 2 
MEAN Tora, SC ann ERROR Scores rom THE N AND К SAMPLES 
Group 

Score Category Measure N R 
0 (80) M 1.60 1.31 
SD .64 .81 
8C E (8C) M 1.03 .99 
SD .10 .10 
О (8С) — E (SO) M .57 .82 
SD .66 .80 
Om M 17.83 21.33 
8р 12.06 12.42 
Errors Rep M 6.66 8.75 
SD 5.25 4.91 
Int M 6.33 13.91 
SD 4.92 8.28 


SC data in Table 2 elicits two impressions: The absolute magnitude of 
secondary ordering for each group appears to be quite low and minimal 
differences in SC between normals and retardates seem to be the case. 
There was some statistical confirmation for both of these inferences. The 
maximum possible mean total O (SC) — E (SC) score for each group Was 
8.10, since a value of .90 could have been achieved on each of the nine 
two-trial sequences. Group N’s mean total O(SC) — E(SC) score of 57 
and group R’s of .32 represented only 7 and 495, respectively, of the 
maximum possible. Correlated £ tests were performed comparing O (SO) 
with E(SC) values within each sample to determine if greater than chance 
secondary ordering occurred. The normals’ O(SC) was reliably above 
chance (¢ = 3.00, df = 11, p < 01), while the retardates’ was not (t = 
139, df = 11). Although this latter finding would seem to indicate а 
normal advantage in secondary organization, a direct comparison 0 
normal with retardate O(SC) — E(SC) mean totals revealed no statisti- 
cally significant differences in amount of ordering between groups ta 
80, df = 22). In short, the low absolute magnitude of SC for both samples 
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combined with the fact that corrected SC values for groups N and R 
were not reliably disparate makes it extremely doubtful that the obtained 
normal-retardate differences in item recall may be explained on the basis 
of a normal superiority in secondary organization. 


Errors 

On an MFR task, Ss may err by omission, repetition, or intrusion. In 
the present experiment, failure to respond per se was considered an error 
of omission (Om), the retrieval of an item not in the message was defined 
as an intrusion (Int), and the reiteration of either a correct or intruded 
Tesponse constituted a repetition (Rep). If retardates are no more prone 
to commit a certain type of mistake than normals, the relative frequen- 
cies of Om, Rep, and Int errors should be similar for the two groups. An 
unequal distribution of faults between samples, on the other hand, would 
suggest an IQ-related susceptibility to a particular variety of error. To 
assess this possibility, each S's Om, Rep, and Int errors were summed 
over ten trials. The mean total errors in each category for groups N and 
R are presented in Table 2. An examination of the error data in Table 
2 indicates that the frequency of intrusions constituted the most outstand- 
ing discrepancy in performance between the normals and the retardates. 
Group R imported double the number of nonlist items than group N. The 
slight disparities between samples of the amount of Om or Rep faults 
Were not statistically reliable (t = .68, df = 22 and t = .99, df = 22, for 
Om and Rep errors respectively). The retardates, however, committed 
significantly more Int errors than the normals (¢ = 2.65, df = 22, p < 
02). From these results we may infer that the retardates’ tendency to 
Tetrieve non-list items contributed strongly to the item recall differences 
between groups. 


DISCUSSION Е 

The most important aspects of the present results lie in their impli- 
cations for the “organizational deficit” hypothesis of Spitz (1966). To 
explore Spitz's assumption that lowered immediate item recall on the part 
Of retarded Ss is due to a deficiency in ordering incoming material, general 
and operational distinctions were drawn between item and order proper- 
ties and between primary and secondary retrieval organization in MFR. 
The pertinent results may be summarized as follows. The present finding 
that retarded children are deficient in immediate item recall on an MFR 
task when matched with equal-MA normals is concordant with the results 
of previous normal-retardate comparisons employing single-trial serial 
Теса] tests (Hermelin and O'Connor, 1964; Holden, 1965; Neufeldt, 
966; Fagan, 1966, 1968a). Measures of both primary and secondary 
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organization, however, did not serve to differentiate normal from retarded 
children. While these findings do not add credence to the “organizational 
deficit” hypothesis neither do they refute it, since theoretical and 
operational definitions of organization in MFR other than those employed 
here are possible. In any case, the present findings lend no support to the 
assumption that the retardate’s poor item recall is due to inefficient 
ordering. 

The high number of intrusion errors on the part of the retarded children 
in this study merits further comment. While a statistically satisfactory 
search for the source of the intrusions was precluded by the design of 
the experiment, systematic perusal of individual protocals did elicit some 
general impressions. In most cases, Ss were quite consistent in omitting 
and importing the same letters from trial to trial. Intrusions were usually 
acoustically similar to omitted items. If an M were forgotten, for example; 
an N was imported. Thus, it is possible that interference due to acoustic 
similarily may have played a part in the retardate’s inferior performance. 
It is also possible that acoustic confusion may have occurred at two points 
in time: During input or at recall. In the first case, the item may have 
been simply misperceived; in the second, the letter may have been 
acquired but an acoustically similar item retrieved, Whether retarded 
children are particularly susceptible to acoustic confusion in the MFR 
of letters and whether such interference occurs during input or upon 


retrieval are empirical questions, explorations of which are currently 
in progress, 
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Ordering of Nonverbal Items in Children's 
Recognition Memory! 


Bruce M. Ross AND JAMES Youniss 
Center for Research in Thinking and Language, Catholic University of America 


In two experiments children of different ages were instructed to recognize 
certain items previously pointed out from nine simultaneously exposed 
nonverbal items. In Exp. 1, recognition conditions of two, three, or two 
out of three items were administered; in Exp. 2, children had to recognize 
three items either in the exact order shown or in any order. In both 
experiments type of material was a variable. The youngest children, CA 5 
to 6, showed a significant amount of spontaneous ordering in easy condi- 
tions, while ordering in the hardest condition was low for these Ss but 
increased with age. A major result was that the oldest Ss, CA 10, recog- 
nized as many items correctly when they were requested to order items as 
when they were not; at CA 6 this finding held only for easy items. It is 
concluded that storage of order information is relatively independent from 
retention of item information in recognition memory. 


In what order do individuals reinstate retained memory items? For 
verbal items the answer is quite clear; connected discourse is given back 
in forward serial order and unrelated words are clustered according to 
imposed meaning when free recall is allowed (Tulving, 1962). But this 
does not answer the question as to how nonverbal items are ordered. 
However, from everyday observation it is quite obvious that at least 
for adults there is considerable bias to remember nonverbal items 1n 
their original order of presentation. Is this bias acquired by the indi- 
vidual with advancing age or is the young child already predisposed to 
find the forward order the “natural” one? Administration of a recogni- 
tion task to child Ss is an appropriate method to gain information On 
this point, since in Tecognition tasks, unlike recall, there is ordinarily 
no advantage to be gained by reinstating the original order of item 
presentation. ; 

When a forward order bias occurs in any type of memory testing, % 
is very likely that the first item will be reinstated in order more fre- 
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quently than any other item, i.e., results will show the traditional 
primacy effect. Finding such an ordering bias does not advance one far 
unless variables can be isolated that significantly alter the amount of 
bias and perhaps in some cases eliminate it altogether. The present two 
experiments used age and type of material as major independent vari- 
ables together with a comparison of amount of ordering in spontaneous 
and required ordering conditions. 

The first experiment was conducted within a developmental frame- 
work to ascertain how much spontaneous ordering occurs with a minimal 
number of two items, with three items, and with a choice of two among 
three items. Specific questions dealt with whether there was an increase 
with age in a bias toward original order and the extent to which item 
difficulty affected recognition ordering. With the youngest children, CA 5 
it was thought that little or no recognition ordering might occur as 
children at this age generally lack systematic visual scanning habits 
such as might be acquired through reading. 

The second study was designed based on the results of the first experi- 
ment to investigate the amount of voluntary control that children can 
exert in ordering their recognition responses. In one experimental condi- 
tion children were required to give back their responses in the original 
forward order; the other experimental condition, used as a control com- 
parison, was like the previous experiment in that the children were free 
fo respond in any order. This comparison allowed determination of the 

cost” of ordering; ie., the amount of loss of recognition accuracy in 
the required order condition as compared to the free order condition. 
The cost function is of some theoretical interest as an indicator of the 
extent to which memory for ordering of items interferes with or 1s 
independent of recognition memory for items. In particular, if there is 
little or no cost in ordering items it can be assumed that order informa- 
tion is relatively independent of item recognition. Cost of ordering was 
shown clearly in a previous experiment (Postman, Adams, and Bohm, 
1956) when two groups of college student Ss instructed to learn items in 
Serial order were compared with two groups allowed to learn items in 
апу order. In contrast to the present study, however, individual per- 
ormance was always far below mastery since their task required re- 
tention of a list of 20 nonsense syllables after only four list exposures. 

In general, the numerous recent studies on short-term memory have 
Made little attempt to account theoretically for ordering effects such a8 
Primacy. The chief current theoretical explanations for forgetting, inter- 
ference, and decay, each in its own way has considerable to say about 
why recency effects are found (Brown, 1958; Waugh and Norman, 1965) 
but tend to ignore primacy. Indeed, Murdock (1968) has shown not only 
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that primacy effects are widespread, apart from the special case of 
paired associates, but that a number of recent theoretically oriented 
experiments deliberately ignore consideration of primacy effects and 
hence of order-context in general. A developmental determination of the 
interaction between item ordering and item recognition appears to be a 
logical first step in investigating memory for order. 


EXPERIMENT I 


This experiment investigated spontaneous forward ordering for recog- 
nition memory by determining the frequency with which an item that 
was seen first was subsequently recognized first. Three conditions were 
administered each with an easy type of item, familiar pictures, and a 
hard type of item, nonsense shapes. In one condition, two of nine items 
were successively pointed to by E, then S was asked to recognize them 
both when the same nine items were again presented (2-2 Cond.). Ina 
second condition, S was required to recognize three of nine items (3-9 
Cond.). In a third condition, S had an option in that three of the nine 
items were pointed to but only two items were asked for on subsequent 
recognition testing (2-3 Cond.). It was expected that this latter condition 
would greatly decrease the bias favoring forward ordering and might 
eliminate it altogether. 


Method 


Subjects. The Ss were taken from an elementary school in Prince 
Georges County, Maryland, located in a middle-class suburb and à 
parochial school kindergarten in Washington, D. C. There were 64 Ss 
between CA 5-0 and 5-11, 62 Ss between CA 6-0 and 7-11, and 66 Ss 
between CA 8-0 and 9-11. 

Materials. There were two sets of nine black and white photos. One 
set was composed of black on white sketches of nine familiar figures: 
house, elephant, bed, airplane, umbrella, picnic basket, eye glasses, clock, 
and necktie with shirt collar. The other set consisted of nine nonsense 
figures taken from Vanderplas and Garvin’s (1959) assortment. Four 
were four-point shapes: Nos. 1, 9, 13, and 25, while five were six-point 
shapes; Nos. 3, 4, 7, 15, and 27. These figures were chosen because they 
were at a midpoint value along the content scale; thus they were neither 
very high or low in denoting associations with objects or situations. 
Moreover, they were near the midpoint for their “association value” in 
the 1959 norms. 

Each figure had first been drawn in india ink on a 3 X 5-inch white 
index card, then photographed until four clear representations of each of 
the 18 items were obtained, Each set was mounted in a 3 8 matrix 01 
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hard black printer’s board, 15 X 18 inches. There were four mountings 
of each set, so that within a set each item appeared in a different 
position. In addition there was a preliminary set of six geometric forms 
in duplicate. Finally there was an artist's easel, two wooden pointers, 
and a black cardboard, 15 X 18 inches. 

Experimental design. Three conditions were administered: (1) The 2-2 
Cond. in which E pointed to two familiar pietures (PIX) or nonsense 
forms (NON) and S responded by pointing to two items on the test 
card; (2) the 3-3 Cond. in which E pointed to three items each trial and 
S in turn pointed to three items; and (3) the 2-3 Cond. in which E 
pointed to three items but S was asked to respond by pointing to only 
two items. Each condition was administered to three age groups: CA 5-0 
to 5-11; CA 6-0 to 7-11; and CA 8-0 to 9-11. These groups are desig- 
nated as the CA 5, CA 6-7, and CA 8-9 groups. In the 2-2 Cond. there 
Were 20 Ss in each of the three groups, there were 24 Ss in each group 
in the 3-3 Cond., and 20 Ss at CA 5, 18 Ss at CA 6-7, and 22 Ss at CA 
8-9 in the 2-3 Cond. All groups were evenly divided between boys and 
girls. Half of each sex received a no delay procedure first and half a 
delay procedure first for each condition. 

Procedure. Each child was tested individually. The child stood before 
the easel, pointer in hand. He was first shown the preliminary or prac- 
tice sets of geometric forms. The E informed the child that he would 
Point to some figures and then the child was to point to these same 
figures. Practice began with E pointing to two of the six displayed 
figures and the child pointing to these same two figures on the same 
card. Practice continued until the child successfully pointed to two 
Correct figures arranged in different positions on the duplicate card two 
Successive times. The experiment proper then began. 

There were four types of recognition tasks and each child was tested 
on all four. These tasks required performance with familiar figures and 
no delay, with nonsense figures and no delay, with familiar figures and a 
10-second delay between presentation and recognition, and with nonsense 
figures and a 10-second delay. There were three trials of each type, hence 
each child was tested 12 times. Familiar and nonsense figures were 
alternated each trial. For one-half of the Ss the first six trials were 
carried out with no delay and the last six with delay; for the other 
children the reverse order prevailed. А 

The procedure on each trial was as follows. The Е placed two matrix 
boards on the easel with only the top board showing. He then traced in 
а rectangular outline either two or three of the nine items on the board 
аз dictated by the particular experimental condition. A metronome set 
at 2 beats per second was used to control presentation time to about 2 
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Seconds per item. In the no delay condition after the last item was 
shown, that board was removed and the second board was immediately 
exposed face up. The child was encouraged to point to the figures just 
outlined. In the delay condition, after the last item was traced, E 
removed the board but covered the matrix board with a black shield 
card which remained in place for 10 seconds or 20 metronome beats. At 
the end of the interval it was removed and the child was requested to 
respond by pointing to the items that he had previously seen. The E 
recorded all responses on a printed answer sheet. 

On each trial the nine items always differed as to position on the two 
matrix boards. The items were arranged on the response board so that 
possible seanning habits would be controlled. For example, on six trials 
no row contained more than one item to be recognized; when three items 
were to be recognized one row had two and another row one item. The 
item which was outlined first appeared on the response board an equal 
number of times in the three rows of the matrix. Thus, if there were à 
bias to start with the first, item shown, S would have to begin equally 
often at the top, the bottom, and the middle of the matrix. Additionally 
there was no procedural bias favoring left-to-right or top-to-bottom 
scanning, since 10 of the 12 trials required at least one jump in an 
opposing direction across rows and columns when S pointed to items in 
the viewed order, 


Results 


Results in terms of mean percentages of correct recognitions and 
modal number of items correct are presented in Table 1. Preliminary 
analyses indicated no effects of delay vs. no delay or sex, so results were 
collapsed over these variables. With regard to type of material it can 
be seen that at each age in each condition PIX are better retained than 


TABLE 1 
MEAN PERCENTAGES or CORRECT RECOGNITIONS AND Морлі, NUMBER CORRECT 
PER CONDITION ( ) IN Exp. I 


Condition 
CA Material 2-2 2-8 3-3 t 
5 PIX 88 (2) 82 (2) 67 (2) 
NON 61 (1) 53 (1) 46 (1) 
6-7 PES 87 (2) 82 (2) 78 (3) 
NON 69 (1) 66 (1) 55 (2) 
89 PIX 97 (2) 92 (2) 91 (3) 


NON 81 (2) 82 (2) 73 (2) 
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| NON; the minimum difference shows a 10% superiority in correct recog- 

nition for PIX while the maximum difference is 29%. 

The three conditions can also be seen as having produced a consistent 
outcome. As percentages are compared across rows note that the highest 
Scores are obtained in the 2-2 Cond., the next highest in the 2-3 Cond., 

| and the lowest in the 3-3 Cond. The single exception to this result occurs 
with NON at CA 8-9 which shows a reversal of 1% between 2-2 and 
253 Conds. 

Assessment of performance as a function of age was made by apply- 
ing Mann-Whitney U tests between adjacent age groups. Parametric 
analyses were not justified as the number of responses was small and 
in some comparisons, Ns were not equal. Reliable increases (p < .05) in 


TABLE 2 
MEAN PERCENTAGES FOR тни CHOICE оғ THE First RECOGNIZED ITEM IN THE 
Conprrions or TABLE 1 As A FUNCTION or CONDITION, STIMULUS MATERIAL, 
AND ORDINAL POSITION 


Condition 


to 


-2 2:323 3-3 


Item position 


No 1st No 186 No Ist 
CA Material 1 2 choice 1 2 3 choice 1 2 8 choice 


5 PIX 67 19 12. 40 17 28 16 36 19 29 15 
NON 41 28 29 23 18 18 49. 4 91.17 37 
DEI PIX 70 2i 95:787: 190092 1 49 19 22 10 
NON 41 42 18 23 27 19 29 31 28 16 25 
E?) PIX 71 97 з 42 23 24 112, 07 АЛИ, 6 
NON 55 835 10 29 35.25 11 42 30 19 10 


Correct recognitions between CA 6-7 and CA 8-9 were obtained for PIX 
and for NON material for each of the three conditions. Between CA 5 
and CA 6-7 both PIX and NON show significant improvement (p < .05) 
_ it the 3-3 Cond., only NON in the 2-3 Cond., and neither material in 
the 2-2 Cond, Note also that improved recognition with increasing age 
is reflected in the modal number of items correct. At CA 8-9 the modal 
number is at the ceiling except for NON in the 3-8 Cond. _ 

The extent to which Ss put their recognition responses in the same 
Positional order as they were seen is shown in Table 2. These data refer 

Only to S's first recognition response. This response is analyzed accord- 
1g to whether it was the first, second, or third presented item or whether 
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it was none of these but instead an item which had not been shown; this 
last possibility is labeled *no 1st choice." 

The primacy tendency is defined by a S's recognizing first the item 
which had been presented first. In order to evaluate the strength of 
primacy, intra-S comparisons using Wilcoxon signed-ranks tests were 
made between the first item and either the second, third, or no first 
choice category, whichever had the highest frequency. For PIX the 
primacy tendency was predominant at all ages in the 2-2 Cond., at CA 
8-9 in the 2-3 Cond., and CA 6-7 and 8-9 in the 3-3 Cond. (р < .01, in 
all cases). With NON material significance (p < .01) was obtained only 
at CA 8-9 in the 2-2 Cond. 

Results in Table 2 can be contrasted with those in Table 1 to deter- 
mine whether the occurrence of significant primacy tendencies is a 
function of age. Recall that in Table 1 all six comparisons between CA 
6-7 and CA 8-9 were significant, and between CA 5 and CA 6-7 three 
of six comparisons were significant. In Table 2 when Mann-Whitney U 
tests were applied to comparable entries for items in position one, only 
two comparisons at adjacent ages, both between CA 6-7 and CA 8-9, 
were significant (NON in the 2-2 Cond. and PIX in the 3-3 Cond, 
p < 001 for both tests). Thus, it appears that overall improvement is 
more a function of age than is the tendency to favor the first response. 
This result encourages the interpretation that at younger ages a strong 
bias is already present for children to order their responses even though 
they correctly recognize fewer items. 


EXPERIMENT II 

This experiment compares the spontaneous tendency toward ordering 
(Free Cond.) with forced ordering when S was told that an item had to 
be recognized in the viewed order to be correct (Required Cond.). The 
extent to which ordering of items in the Required Cond. exceeds ordering 
of items in the Free Cond. can be construed as the degree of volitional 
order control that Ss can exert. Presumably control of ordering like 
accuracy of responding should increase with age, but not necessarily to 
the same extent. 

As in the first experiment, different types of stimulus items were 
administered. In addition to PIX and NON a CF (Color-Form) Cond. 
was administered in which items could be doubly classified as 1 of 3 
colors and 1 of 3 forms. Since this classification system was readily 
apparent but bore no systematic relation to the items S was asked to 
remember, it can be considered a form of distracting competition rather 
than an aid. On this supposition it was predicted that CF items would 
be even harder to recognize than NON items. 
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Only the 3-3 task was administered and only Ss near the extreme 
ages of Exp. I, CA 6 and 10, were used. Аз only one type of task was 
administered, the extent to which Ss were able to reinstate order for the 
second and third as well as the first item could be assessed on а 
comparable basis for all material. 


Method 


Subjects. The Ss were volunteers who were enrolled at a summer 
playground in the area of the elementary school attended by the children 
in Exp. I. Half the Ss were at age 6-0 to 6-11 and half at age 10-0 to 
10-11. There were four groups of 16 Ss, two groups at each age, half. 
boys and half girls. : 

Materials. The PIX and NON material were the same as those used 
in Exp. I. Each CF stimulus figure could be classified both by shape and 
color. The CF material comprised nine diserete figures, three shapes and 
three colors; shapes were circle, triangle, and crescent; colors were blue, 
yellow, and red. Figures made of cut-out colored paper were pasted on 
boards in 3 X 3 matrices analogous to those used with PIX and NON 
material, 

Procedure. In the Free Cond. the procedure was the same as in Exp. I 
for the 3-3 Cond. In the required Cond. Ss were told that items had to 
be pointed to in the same order they were seen to be counted as correct. 
This point was strongly emphasized in the preliminary practice trials. 
As in Exp. I, half the Ss received a no delay and half a 10-second delay 
Procedure. Each S was administered a total of nine recognition trials to 
Point to the three items E had just pointed to on the previous board. 
Half the Ss in each group were administered three consecutive trials with 
each type of material in the order PIX, NON, and CF, and half the Ss 
received the reverse order. Positions of items on the response board were 
arranged to control for possible scanning biases as in Exp. 1. 


Results 


Table 3 reports mean percentages and modal numbers of correct 
Tecognitions as a function of age, material, and condition. Sex and delay, 
Which did not yield consistent effects, are collapsed. It must, be noted 
that correct items that were not in order in the Required Cond. are 
Counted as correct in Table 3 even though they would be errors accord- 
ing to the instructions S received. be 

It сап be seen that type of material clearly affects correct recognitions. 
For each of the four independent groups of Ss PIX was recognized toa 
Greater degree than NON and NON more than CF material. This rela- 
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TABLE 3 
MEAN PERCENTAGES OF CORRECT RECOGNITIONS AND MODAL NUMBER CORRECT 
PER CONDITION ( ) IN Exp. II 


Type of item 
CA Condition PIX NON CF 
6 Free 89 (3) 65 (2) 60 (2) 
Required 87 (3) 56 (2) 42 (1) 
10 Free 97 (3) 77 (3) 63 (3) 
Required 94 (3) 76 (3) 66 (3) 


tive ranking was expected on the basis of the results of Exp. I and from 
the built-in inter-item competition characterizing the CF material. 
In order to assess the cost of ordering items, comparisons were made 
between the Required vs. Free Conds. Surprisingly, no cost in ordering 
items was found at CA 10 since Table 3 shows that the means for 
comparable material are within 3% of each other. Mean recognition 
scores with both conditions were also almost identical for PIX at CA 6. 
This similarity of scores did not hold for the other materials at CA 6 
as means had differences of 9 and 18% for NON and CF material. 
Mann-Whitney U tests showed that these differences had probabilities 
of <.10 and <.03, respectively. As performance was better with the 
Free than the Required Cond. with these two materials, some cost was 
involved in Ss’ attempt to order responses at this age. j 
Table 4 presents a more detailed analysis of the recognition means 1n 
Table 3 by showing the percentages of correct responses at each ordinal 
position for the item originally seen in that position. The Ss in the 
Required Cond. had been requested to make recognitions in order while 
the Ss in the Free Cond. had not. Thus, the differences between the 
Required and Free Cond. at each ordinal position furnish an estimate of 
the amount of volitional ordering S can perform above that done volun- 
tarily without special instructions. ‚ 
It can be seen in Table 4 that the instructions to order responses in 
the Required Cond. increased ordering to a greater extent for PIX than 
for NON or CF materials. With PIX the difference in favor of the 
Required Cond. attained significance by Mann-Whitney U tests for each 
ordinal position at both ages (р < .05) except for position one at CA 10 
(p < 10). With NON an expected, though nonsignificant, advantage for 
the required Cond. is shown for all ordinal positions at CA 10 and all 
except the third position at CA 6. With CF there is again a uniform 
advantage for the Required Cond. at CA 10 but no advantage with any 
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TABLE 4 
MEAN PERCENTAGES Correct IN ORDER BY ORDINAL POSITION FOR THE 
CONDITIONS IN TABLE 3 


"Type of item 
PIX NON СЕ 
item position item position item position. 


CA Condition 1 2 3 1 2 3 1 2 3 


6 Required 96 63 58 52 31 23 23 25 28 
6 Free 56 29 21 40 29 31 27 29 29 
Difference 40 34 31 12 2 -8 —4 =4 -6 


10 Required 88 92 83 65 50 42 56 44 52 
10 Free 69 46 38 52 35 35 42 40 3 
Difference 19 . 46 45 13 15 7 14 4 17 


position at CA 6. The negative differences at CA 6 reflect the finding in 
Table 3 that there is some cost in attempting to order items other than 
PIX at this age. But, while Table 3 had shown better recognition for the 
Free than Required Cond., it was unexpected that the children who were 
explicitly requested to order their responses would, in fact, order items 
less well than the children who were allowed to recognize items freely. 

To test whether primacy ordering was significantly greater than that 
for other positions, entries for the first position were tested against those 
for the second or third position, whichever was greater, for the same 
Condition and material. Intra-S Wilcoxon signed-ranks tests showed a 
Significant predominance for primacy ordering for PIX at CA 6 in the 
Required Cond. (p < 01) and Free Cond. (р < .02), and at CA 10 in 
the Free Cond, (р < 02), but not for the Required Cond. where all 
Tesponses were highly ordered. Although the first response was the best 
ordered for all conditions with NON, only the Required Cond. at CA 6 
and the Free Cond. at CA 10 showed significant (p < .05) PEMA 
Ordering. There was a clear absence of significant primacy ordering with 
CF material for all four groups. 

Comparison of the results for ordered responses in Table 4 can be 
Made with the results in Table 3 as to whether either the mean number 
of correct, responses or occurrence of similarity between overall means 
of the Required compared to the Free Cond. correlates with the incidence 
of significant primacy ordering. Neither type of result in Table 3 by 
itself or in combination appears to be a good predictor of Table 4 results. 

Finally, it can be noted that cross-comparisons can be made between 


е 3-3 task with PIX and NON in Exp. I and the Free Cond. in Exp. 
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IL It is helpful in drawing conclusions to establish reliability where 
tasks were similar, since in Exp. I a partially different response measure, 
“choice of the first recognized item,” was reported. This measure was 
appropriate because comparisons of the 3-3 task had to be made with the 
2-2 and 2-3 tasks. 

In cross-comparisons with regard to mean percentages correct, the 
Free Cond. entries in Tablé 3 for PIX and NON at CA 6, 89 and 65, 
can be compared with the entries 78 and 55 at CA 6-7 in Table 1; 
likewise, the entries 97 and 77 in Table 3 сап be compared with the 
entries 91 and 73 at СА 8-9 in Table 1. The maximum difference in these 
comparisons is 11%. In cross-comparisons with regard to mean per- 
centages correct in order, only the entries in Table 2 for the first item 
position can be meaningfully compared with the entries for the Free 
Cond. in Table 4. Using the same age eross-comparisons as above, Free 
Cond. entries for PIX and NON in Table 4 at CA 6, 56 and 40, can be 
compared with the entries 49 and 31 at CA 6-7 in Table 2; likewise, the 
entries 69 and 52 at CA 10 in Table 4 can be compared with the entries 
76 and 42 at CA 8-9 in Table 2. The maximum difference is 10%. Not 
shown are percentages correct at item positions two and three in Exp. I. 
These percentages were calculated and showed a slightly greater dis- 
crepancy from Exp. II results with a maximum discrepancy of 17%. 
As with PIX and NON in Exp. II, the first position was uniformly 
advantageous with the highest percentage correct at every age including 
CA 5. It can be concluded that, in spite of inexact age matching and 
the addition of CF trials in Exp. II, performance was very similar in 
the two 3-3 tasks. 


DISCUSSION 

Results from both experiments show that the tendency to reinstate 
recognition items in their original forward order is strong for children 
аз young as CA 5 or 6 when the primacy tendency is used as a measure 
of ordering. However, this tendency can be weakened or erased by the 
introduction of other variables such as the use of nonsense forms 8$ 
stimuli. Also in Exp. I the 3-3 Cond. proved too difficult to show 8n 
ordering effect at CA 5 and the condition allowing optional choices, 
the 2-3 Cond., showed consistent forward ordering only at the oldest age 
with the easy PIX material. Results in Exp. II showed that the primacy 
tendency overestimated the extent of overall ordering in the 3-3 Cond. 
at younger ages as there was a marked fall-off in ordering of the second 
and third items in the Free Cond. with both PIX and NON at CA 6. 

The NON material was uniformly more difficult than PIX for recog- 
nition accuracy and recognizing items in order. In both the Require 
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and Free Cond. of Exp. II the CF material proved to be the most 
difficult in terms of overall item recognition and recognition of the first 
item. This result supports the interpretation that the inherent classifica- 
tory organization of the CF material competed with the attempt to 
order items solely on a chronological basis. 

The most interesting comparison was between the Required and Free 
Cond. of Exp. II. At CA 10 there was no cost in item recognition 
accuracy in ordering items as both conditions produced a nearly equal 
number of correct responses. At the same time children in the Required 
Cond. did, in fact, successfully increase their ordering of items at every 
ordinal position. The similarity between the Required and Free Cond. 
could not be a result of the recognition task being too easy since Ss made 
numerous errors. 

Comparisons between the Required and Free Cond. at CA 6 were more 
diverse, With the easy PIX material, results were like those at CA 10. 
But with NON and CF material the younger children showed some cost 
in ordering items as more correct recognitions were achieved with the 
Free than the Required Cond. However, this cost was a result of the 
attempt to order items not of actual item ordering as the younger Ss in 
the Required Cond. did not increase their number of ordered items 
above the number attained by Ss in the Free Cond. 

It is proposed that the above comparisons support the idea that item 
recognition information and item order information are rather inde- 
Pendent of each other. They are, of course, not completely independent 
as order information cannot exist in a vacuum without recognition of 
individual items. Nevertheless, present results show less than expected 
interaction between the two types of information. At CA 10 where Ss 
both increased ordering and obtained as many correct recognitions for 
the Required as the Free Cond., the argument for independence is di- 
rectly supported. Even the findings at CA 6 with NON and CF material 
do not imply that the two types of information interfere with each 
other. If both item and ordinal-position information competed for the 
Same storage space, accuracy of item recognition and ordering should be 
inversely related, one should decrease as the other increases. This trade- 
off did not occur. The performance deficit in item recognition at CA 6 
appeared to result more from the fact that these younger children did 
Not possess the ability to increase recognition ordering of difficult items 
9n command rather than from a lack of storage capacity. 
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The operant response rate of 10-week-old infants tripled within the first 
6 minutes of conjugate reinforcement of foot thrusts, whereas controls 
receiving identical but noncontingent visual and somesthetic stimulation 
did not alter response rate throughout the experimental session. All infants 
receiving the conjugate procedure showed performance sensitive to the 
reinforcement contingencies for the 27-minute test period; four observations 
over an extended 46-minute session showed high and stable response rates 
prior to re-extinetion after 42 minutes of continuous testing. The results 
are interpreted in terms of the feedback characteristics of the procedure. 


Over the first 4 months of life, human infants increasingly search and 
explore their visual environment, the feedback from which is undoubt- 
edly responsible for much of their early and extensive learning (Fanta, 
1967; White, 1967). The exploratory motive is well-documented for 
monkey young and is notable for its strength and persistence in spite of 
its unspecified biological correlates (Butler, 1953). Piaget (in Flavell, 
1963) has defined 1-4 months as the period during which visually guided 
manual activities emerge. These permit the development during sensori- 
motor stage З of secondary circular ractions, which in turn permit the 
4- to 8-month-old infant to alter his environment for its interest value. 
Similar behaviors have been described by White (1967). Rheingold and 
her co-workers (Rheingold, Stanley, and Cooley, 1962; Rheingold, gina 
ley, and Doyle, 1964) found that infants coinciding in age with Piaget’s 
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stage 3 are responsive to visual and auditory changes, increasing rate of 
sphere-touching when it is accompanied by such changes. 

Conjugate reinforcement, a variation of free-operant conditioning in- 
troduced by Lindsley (1963), has recently been used successfully to 
demonstrate manipulative learning in year-old children (Lipsitt, Peder- 
son, and DeLucia, 1966). This schedule of reinforcement provides a con- 
tinuously available reinforcing event, the intensity of which is a direct 
consequence of response rate. Thus, more rapid responding produces a 
more intense reward value. Not only does the schedule sustain respond- 
ing longer and at higher rates than the more typical episodic schedules, 
but it also permits a continuous record of the efficacy of a reinforcer 
sensitive to both organismic state changes and learning (Lindsley, 1963; 
Lipsitt et al., 1966). 

In the present study, every attempt was made to provide a rein- 
forcing stimulus which would sustain the attention and behavior of the 
infants beyond the typical 8- to 10-minute operant test session. The 
finding of Hunt and Uzgiris (1964) that infants prefer familiar to non- 
familiar mobiles and the evidence that novel stimuli are often preferred 
to familiar stimuli (Cantor, 1963) suggested that attention might be 
maximized through a source of “relative” novelty (Berlyne, 1960). This: 
refers to the changing or reorganization of the parts of a familiar stimu- 
lus into а “new” stimulus or stimulus pattern. The conjugate reinforce- 
ment procedure essentially provided a continuous sequence of "rela- 
tively" novel reinforcers, in that the degree or rate of responding 
produced successive and unique rearrangements of the initially familiar 
but nonresponsive mobile components. 


METHOD 

Subjects. Eighteen healthy and apparently normal infants, ranging in 
age from 9 to 12 weeks, were tested at the time of day reported by the 
mother to coincide with their normal activity or alert period. The ex- 
perimental group (four males, two females) had a mean age of 72.5 days; 
the control Ss (seven males, five females) averaged 73.4 days. 

Apparatus. All Ss were tested in their home cribs with an L-shaped 
mobile (Nursery Plastics, Inc.) which had been secured to the om 
within the first two postnatal weeks. The main features of the mobile 
were 7 to 10 brightly colored wooden figures suspended on five plastic 
lines 10- to 12-inches directly above the infant’s head. The rigidity of 
the metal mobile base and the crib weight minimized sway of the figures 
during normal crib activity. During testing, a soft, silk cord was looped 
EE the left ankle and hooked without slack to the overhead suspen 
sion bar. 
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Procedure. Conjugate reinforcement was provided by means of the 
ankle cord, in that foot or leg movements directly initiated sway and 
movement in the mobile figures attached to the suspension bar. Although 
it was not possible to quantify stimulus parameters, it was apparent that 
the variety of figure movement increased directly with the force or rate 
of response. Very rapid responding produced auditory feedback from 
colliding wooden figures, such that effectively more intense responding 
produced a more intense reward. 

Experimental Ss received an initial 27-minute session, consisting of a 
3-minute baseline period during which the operant level of left foot 
kicks was established, a 15-minute acquisition phase with conjugate re- 
inforcement, and a 5-minute extinction period. Two minutes intervened 
between conditions to permit preparation for the succeeding phase. 
During this interval, Ss were permitted to observe the mobile, but leg 
movement did not effect activity of the mobile, which remained passive 
throughout, 

Control Ss received identical conditions for the first and third seg- 
ments of the procedure; however, during the acquisition segment, all 
were presented with moving figures continuously activated by the ex- 
perimenter in a manner simulating the moving figures seen by experi- 
mental Ss for the 15-minute period. Six of the controls received only 
honeontingent visual stimulation from the moving figures as described 
(no ankle cord), and six received noncontingent visual and somesthetic 
stimulation (cord attached). 

A response was defined as a vertical or horizontal excursion of the left 
foot that returned in the same continuous motion in the direction of 
origin. Responses were recorded over continuous minutes of testing and 
out of the direct view of the infant. As a reliability check, a second 
observer recorded responses independently. 


RESULTS 


A Spearman rank correlation yielded an interobserver reliability co- 
efficient of .946 (р < .001). A lower coefficient obtained over experi- 
mental Ss only (.82; р < .01) probably reflects the difficulty in tabulat- 
ing all responses when the foot was kicking at the very high rates which 
characterized conjugate reinforcement periods. This suggests that the 
Tesponse measures may represent conservative records of the reinforcing 
Value of the mobile. 

Figure 1 shows mean responses per minute 
(Solid line) and control groups (broken lines t 
3 minutes of each condition were used in all £ tests in order to maximize 
the opportunity for any effect of the experimental conditions to be 


for the experimental group 
). The means of the final 
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demonstrated. All within-S comparisons were indexed by 5 df; all be- 
tween-S comparisons, by 10 df. The difference between the conjugate 
reinforcement procedure and the identical but noncontingent visual- 
somesthetie control group was reliable (p < .01), although these groups 
did not differ significantly (p > .05) in baseline or extinction. The at- 
tachment of the ankle cord to the mobile did not reliably enhance 
activity relative to visual stimulation alone (p > .05), and neither con- 
trol group changed from their initial operant levels in successive seg- 
ments. Within the experimental group per se, final acquisition level 
differed from operant level and extinction (p < .05), but extinction did 
not differ from baseline performance (p > .05). 
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Fia. 1. Rate of response as а function of reinforcement condition. Each -axis 
Point Tepresents a successive minute of observation, approximately 2 minutes sepa- 
tating conditions. The solid line represents the experimental group (conjugate re- 
inforcement) ; the dotted lines represent control groups (circles = visual-somesthetic 
controls; squares = visua] only). Each curve represents six Ss. 


Four observations Were recorded over an additional 17-minute test 
phase, these infants completing 46 minutes of continuous testing. The 
additional phase included a 10-minute re-acquisition and a 5-minute 
re-extinetion period, separated by a 2-minute pause (see Figure 2). Com- 
paring mean Tesponse levels over the final 3 minutes of each phase as 
before (see Table 1), performance in each condition significantly dif- 
fered from that in the preceding conditions with the exception that 
Tesponse levels in extinction did not differ from baseline performance. 

Individual data indicated that all infants were clearly under operant 
control of the reinforcement contingencies. Within 3 minutes infants had 
doubled the initial response rate, and by 6 minutes of conjugate 1е- 
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Fic. 2. Mean response rate as a function of reinforcement condition over 46 
minutes continuous testing. Note that the reinforcer continued to exert control over 
behavior even at minute 40, when the response rate was still about 2% times the 
Operant level (N — 4). 


inforcement, most had tripled it, both within single test sessions and 
Over repeated sessions. Figure 2 indicates that the effect is clear and 
reproducible. 


TABLE 1 
STATISTICAL SUMMARY FOR Comparisons BETWEEN Five TEST CONDITIONS 
SHOWN IN Figure 2 ror 46-MINUTE Continuous Теѕтіха (N = 4) 


Confidence 
Comparisons df t Type level 
Operant level X acquisition 3 4.000 One-tail <.025 
Operant level X extinction 3 2.718 Two-tail 2.05 
Acquisition X extinction 3 3.365 One-tail «.025 
Xtinetion X re-acquisition 3 3.427 One-tail <.025 
Re-acquisition X re-extinction 3 2.935 One-tail «.05 
-acquisition X operant level 3 3.928 One-tail 52085 
xtinction X operant level 3 0.474 Two-tail 2.05 
DISCUSSION 


The use of the visual-somesthetic control group unequivocally demon- 
Strates that the specific foot thrust represents true learning as a direct 
Tesult of the contingency between the thrust and the mobile movement 
and does not reflect merely a state of general arousal produced by the 
Moving target either singly or in combination with somesthetic feedback 


38 ROVEE AND ROVEE 


from the attached ankle cord, Note that using a foot kick rather than 
the hand-pulling or prehension response typically described in explora- 
tory studies precludes possible visual obstruction of the reinforcer and 
evades the problem of clenched fists which characterize this stage of 
life. 

As response intensity, reflected in response rate, increased, the inten- 
sity of the reward also increased in that more unique figure movements 
occurred more rapidly and, at high rates of response, auditory feedback 
from collisions of the moving figures became more and more prevalent. 
It may be presumed that the length of the session was achieved primarily 
through the “relative” novelty of the reinforcing stimulus over the 
duration of the conjugate condition. The potency of the reinforcing 
stimulus over such a relatively long time period is reminiscent of the 
rewarding effects of manipulation described for adult monkeys as à 
“curiosity drive" (Butler, 1954). The rapidity with which instrumental 
responses were established (see Figure 1) parallels that reported by 
Lipsitt e£ al. (1966) for older children and suggests that operant be- 
havior might be effectively conditioned even more in advance of Piaget's 
stage 3 than has been shown. 

The relation between environmental attention and infant learning has 
been noted in recent reviews (Fantz, 1967; White, 1967). Animal studies 
and adult human data (Held and Hein, 1963) have suggested that 
normal development, of visually guided spatial perception and coordina- 
tion depends on the opportunity to observe stimulus variation from self- 
produced movement, Deprivation studies of institution-reared infants 
retarded in this aspect of development have shown that simple placement 
of brightly colored objects in the visual field as early as 37 days of age 
enhances visual attention (White, 1967). If visual attention is pre- 
requisite to obtaining environmental feedback, hence to learning, then 
the present, study is notable for demonstrating a simple and direct way 
of achieving and sustaining such attention. Further, the stability of the 
behavior under the reinforcing contingency, as evidenced after 40 min- 
utes of testing, suggests the usefulness of this technique for the sys- 


tematic assessment of learning and sensory phenomena in very young 
infant. 
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Computer Analysis and Display of Movement Patterns! 


R. E. HERRON? AND M. J. Евовіѕн° 
University of Illinois 


A description is given of an automatic method for producing numerical 
and graphical statements about movement and inter-organism or organism- 
environment interaction patterns from observational records. The method 
is based on use of Cartesian co-ordinates to represent the position of each 
individual at, each instant sampled. In addition to statistical computations 
regarding distances travelled, the frequency of entry into specified terri- 
tories, sociometrie and other parameters, movement maps can be produced 
with the aid of а plotting device connected to a computer. The program 
can be adapted for various investigations concerning social interaction, 
territoriality, equipment usage, activity habits, and architectural design. 


In 1960, Wright warned that progress in realizing the potential of 
electronic observational child study would “depend on development of 
analysis procedures to suit the new refinement and fidelity of its records 
[p. 124]." Today, this need is vividly apparent and, as access to simply 
operated electronic observational aids continues to grow, so will the 
backlog of unanalyzed visual records of child behavior continue to build 
up until suitably refined, automatic methods of analysis are widely 
available. 

A special problem exists with studies involving activity observations 
Over periods longer than a few minutes because they tend to produce 
large quantities of position data which ultimately, have to be reduced 
to meaningful statements about the patterns of movement or interaction 


"This research was supported in part by grant MH-07346 from the National 
Institute of Mental Health and a grant (Project 9424) to the first author from the 
Illinois State Department of Mental Health. The authors thank R. J. Korb who 
was responsible for selecting the photographie equipment and processing the photo- 
graphs; L. Wuellner, Research Assistant, who carried out the observations; M. J. 
Ellis, Research Associate, and P. A. Witt, Research Assistant, for their helpful 
suggestions, and J. Kolman, Statistical Consultant, who contributed advice on pro- 
gramming, They are also indebted to the Staff, parents, and children (the subjects) 
of the Children's Research Center Preschool at the University of Illinois for their 
kind cooperation, and Drs. W. P. Hurder and A. V. Sapora who helped in various 
ways to make this research possible, 

*Now at Baylor University College of Medicine, Texas Medical Center, Houston, 
"Texas 77025. 

*Now at Bradley University, Peoria, Illinois 61606. 
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involved before they сап be interpreted. When the analysis has to be 
carried out manually, as often is the case, it is a tedious and time- 
consuming task—a state of affairs which does nothing to encourage an 
exhaustive analysis. 

The method described below grew out of efforts to automate a series 
of studies of children’s movement patterns, social interaction, territorial- 
ity, and equipment usage in an indoor play area. The purpose of this 
report is to outline the principle upon which the method is based and to 
discuss some of the potentialities and limitations. 


METHOD 


Data Collection 


Spatio-temporal position data were obtained by means of a time-lapse 
photographic system; this system was chosen in preference to film or 
videotape, or electronie devices such as ultrasonic or radio transmission, 
on account of its relatively low cost, ease of maintenance, and simplicity 
of operation, A remotely controlled Nikon F camera was semiperma- 
nently mounted in the ceiling, 9 feet above a 2915- X 22-foot indoor play 
area in the Children’s Research Center of the University of Illinois. 
The camera was equipped with an accessory Accura fish-eye lens fitted 
to а 50-mm, f 1.4, Nikkor lens and an accessory 250-exposure motor drive 
so that an extended sequence of time-lapse exposures could be taken 
automatically. The 7.5-mm focal length of the combined lenses takes in 
a true hemisphere and the entire play area was within the field of view. 
In a recent experiment, the photographs were taken at intervals of 10 
Seconds throughout a series of 15-minute play sessions, but the system 
includes an intervalometer which provides for varying the time between 
exposures over a wide range. ^ y 

The only manual step in the data acquisition process was the identifi- 
cation of each child’s position on each photograph in terms of Cartesian 
co-ordinates. A grid of three-foot squares which shows up distinctly in 
the photographs was used to obviate the need for manually super- 
imposing a co-ordinate scale over each photograph. The child's position 
Was taken as the point on the floor which was estimated to be directly 
below the child’s center of gravity. This step was carried out manually 
for want of a suitable and inexpensive automatic procedure—the semi- 
automatic method previously described by Haith (1966) in this journal 
18 not too feasible when а fish-eye lens is used for taking the photo- 
graphs. Areas or “territories” enclosing certain pieces of fixed equipment 
were also identified by Cartesian co-ordinates. These data when trans- 
ferred to IBM cards served as the input to the computer-plotter. 
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Computer Analysis and Plotter Display 


Once the position data are in the form of Cartesian co-ordinates the 
computer-plotter ean be programed to yield various permutations of the 
following numerical and graphical data: 


1. Each child's changes in position during each play session displayed 
graphically, in chronological order, on a plan view of the play area 
(Fig. 1). 

2. The distance represented by the total changes in position of each 
child per play session and the mean distance for each child over 
all sessions. 

3. The aggregate distance between each child and each of the other 
children for each exposure and for each play session. 

4. The mean distance between each child and each of the other 
children during each play session computed and displayed as а 
function of time (i.e., with succeeding play sessions). 

. The frequency of entry of each child into each of the specified 
territories for each play session computed and displayed as & 
function of time. 

6. The frequency each child is alone in each territory per play session 

and the incidence of solitary activity computed and displayed as а 

function of time. 

The frequency each child is accompanied by selected permutations 

of other children in each territory per play session computed and 

displayed as a function of time. 

8. The aggregate frequency of entries by all children into each of the 
specified territories for each play session computed and displayed 
as a function of time. 


л 


= 


All of the above output components have yet to be incorporated into à 
single program and this may seldom be necessary because of the con- 
siderable breadth of inquiry which such a program would represent. 
Suffice it to say that these computations and displays are within the 
capacity of current computer-plotter combinations and that additional 
parameters or more elaborate statistical treatments can be added with 
little difficulty. А 

The graphical displays shown in Figure 1 were produced with the aid 
of à program written in Fortran II for an IBM 7094 computer and à 
CalComp 670-564 (California Computer Products) plotter. The figure 18 
composed of two “movement maps,” drawn automatically by the plotter, 
which indicate the positions and changes of position of two children 
during the same play session, with Child A's map on the left and Child 


| 


ANALYSIS OF MOVEMENT PATTERNS 43 


Fra. 1, Corresponding movement patterns of two children drawn automatically 
by а computer-plotter. (For explanation, see text.) 


B's map on the right. Each map covers the same indoor play area. The 
area was liberally distributed with various pieces of play equipment, 
such as large hollow blocks, ladders, and a see-saw. The apparatus was 
omitted here in order to simplify reading of the map, but the relative 
Positions of immovable objects can be added if desired, by means e 
template. Differences between the two children in their focal points of 
interest and their movement patterns during the period in question show 
up quite distinctly, 


DISCUSSION 
The above method has certain fairly obvious limitations—an important 
опе is illustrated in the above examples. Movements between the pointe 
(showing the child's position every 10 seconds) which the Dus "a 
up with straight lines to form the map are completely missed. a ч 
illustrates the need to carefully consider such matters as the sampling 
interval and the use of random versus regular intervals. Such decisions 
Vill be influenced greatly by the exigencies of each experimental А 
tion as will the reliability and validity of the method. But, Eu 
findings indicate that, with reasonable care, high levels of reliability an 
Validity are attainable. 
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Until an automatic method of recording co-ordinate data and punching 
this information on cards or another suitable medium is developed, 
analysis of the pietures will remain a formidable undertaking except 
where the observations are limited to very short periods or a long inter- 
val between exposures is used. There is also the limitation, where 
photographie or other direct visual recording media are used, that the 
subject may disappear wholly or partially from view (by getting equip- 
ment between themselves and the lens). However, these limitations 
reside in the data acquisition system and not in the analysis procedure. 

Once position data are in the form of Cartesian co-ordinates, many 
different mathematical and statistical manipulations are possible. The 
above list of output components is not an exhaustive one; new elements 
can be programed as the need arises, for example, with some adjustments 
the analysis can be adapted to cope with three-dimensional position 
data, or to analyze and display movement patterns throughout a complex 
of rooms or an entire building. The method is now being applied in two 
somewhat different. spheres of behavioral research—children’s play and 


hospital design—where the users’ claim that it is proving to be a useful 
research tool. 
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Increasing Task Behavior in a Language Arts Program 
by Providing Reinforcement* 


Рохлір E. P. Ѕмітн, DALE BRETHOWER, AND RAYMOND CABOT 
Center for Research on Language and Language Behavior, University of Michigan 


The work of retarded readers using a programmed language arts 
curriculum was observed under various conditions of reinforcement in a 
Controlled classroom. Task behavior was followed by conditions of no 
Consequence, teacher praise, a work-break consequence, a monetary con- 
Sequence and feedback on amount of work (relative to previous work). 
Extinction of task behavior tended to occur under conditions of no 
consequence and of teacher praise. Conditions of monetary consequence and 
of feedback on progress resulted in high, sustained rates of work behavior. 


Maintenance of task behavior is a chronic problem in classrooms and 
clinics. Common pedagogic terms for classifying the problem are “in- 
attention,” “lack of motivation,” and “undisciplined behavior.” : 

Common classroom techniques for increasing task behavior include 
teacher praise, withholding punishment, assigning grades and inducing 
à commitment by means of a contract. This paper reports the results of 
Several experiments designed to increase task behavior in a controlled 
environment, ie. in classrooms wherein instructional materials and 
teacher behaviors are controlled and wherein the dependent variable is 
Tate of work, 1.е., correct task responses per hour. x AM 

The problem of maintaining task behavior arose during the validation 
Of a programmed language arts curriculum.” The program, designed for 
ube in first grade classrooms and in clinics, consists of 16 books con- 
taining some 17,000 tasks, scripts (or tapes) for teacher participation, 
and a programmed manual for training the teacher in his role. The 
Program trains reading, writing, listening, and speaking behaviors with 


*The research reported herein was performed in part under Contract ОЕС-3-6- 
1784-0508 with the U. S. Department of Health, Education, and Welfare, Ofico 
Of Education, under the provisions of P.L. 83-031, Cooperative Research, and i 
Provisions of Title VI, P.L. 85-864, as amended. This research report is one О 
Several which have been submitted to the Office a cur d mee m 

е and language behavior, Progress Report V, September ^, . 

"Smith, D. E. Р. (Ba) Michigan’ Logica Program. Ann Arbor; Ann Arbor 
Publishers, 1964, 1965, 1966, 1967. 
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tasks ranging from matching letters and utterances, initially, to reading | 


paragraphs orally and silently as terminal behaviors. The learning tasks 
were constructed iteratively, within classrooms, until an error rate below 
5% was achieved on each book. 

The teacher's role is that of classroom manager. He arranges the 
classroom, provides tasks and materials, and provides feedback on per- 
formance. Performance feedback is carefully controlled and predictable. 
Under normal operating conditions, feedback on task relevant: perform- 
ance is provided by the programmed materials which are self-selected 
and self-paced. Feedback on non-task performance is provided by 
establishing a limited number of rules—usually one. Non-task perform- 
ance not covered by the rule is followed by no consequence other than 
being noticed; performance covered by the rule is always followed by à 
specific enforcement procedure, i.e., stating the child's name and re- 
questing a restatement of the rule (“John, what is the rule?"). 

Within these limits, children are free to work or not to work. It should 
be noted that most of the teaching frames are of the discrimination type 
and control the attention of most children in a stable, predictable en- 
vironment, A “frame” in this program is defined as a task requiring a 
discriminative response or a production. A response, then, is defined as 
completion of a single task—circling a letter, indicating same or differ- 
ent, spelling a word, writing a dictated sentence, ete. Rate of work is 
determined by counting the graphic evidence of responses, either the 
trained response (such as the spelling of a word) or a “token” response 
(such as circling). 

Rate of work in normal classrooms under the above conditions tends 
to be high (ie. 200 correct responses per hour). However, teacher 
reports of extinction curves for isolated cases were confirmed by similar 
data on a substantial proportion of clinic cases. 

In an attempt to resolve the problem of maintaining task behavior, 8 
series of six experiments was carried out. The independent variable in 
each was none, one or a combination of consequences following task 
behavior. The first two experiments demonstrate the results of no con- 
Sequence and of a monetary consequence precisely contingent upon 
amount of task behavior. The next three experiments report results 
under conditions approximating each of these extremes. The last study 
reports the effect of a non-monetary consequence feasible for school use. 


Experiment 1: No Consequence 


Procedure. Ss were six children designated “non-verbal, first-grade 
failures” by their school principal (Table 1). Ages ranged from 7 
months to 98 months. Reading skill deficiencies ranged from 1 month to 
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6 months (Gates Primary: Word Recognition). Classes met 50 minutes 
per day, 4 days per week for 10 weeks. Conditions and materials were as 
described above. No consequence followed work behavior. 

Results. The cumulative curves depicting rate of work (Figure 1) 
characteristically demonstrate extinetion of task behavior. Reduced out- 
puts were usually accompanied by emotional behaviors, attacking self 
and others, “escape” responses, curling in a fetal position, sitting under 
the desk, etc. Under these conditions, mean rate of work was 39 
responses/hour, 

Discussion. 'The condition of no consequence following task behavior 
results in a low rate of work, rapid extinction of task behavior and a 
substantial amount of infantile attack and withdrawal behavior. 


TABLE 1 
Worx OUTPUT or RETARDED READERS UNDER CONDITIONS OF 
No Consequence ror Task RELEVANT BEHAVIOR 


Grade Responses 
Age place- No. of 
Subject Sex (months) ment sessions Total x 
А M 98 1.9 21 1650 78 
B M 70 1.9 26 1100 42 
e M 88 1.9 24 800 38 
D F 71 1.9 1 500 71 
E M 70 1.9 25 600 24 
F F 66 1.9 27 350 13 


Experiment 2: Monetary Consequence, Task Contingent 


Procedure. Ss were six children taken in order from a waiting list and 
assigned to a class taught by the teacher used in Experiment 1. Ages 
ranged from 101 months to 136 months. Reading skill deficiencies ranged 
from 1.1 years to 2.7 years. Children were described by their teachers as 
hyperactive (2), anxious (1), passive-aggressive (2), aggressive, acting- 
Sut (1) (school placement in a classroom for disturbed). — 

Classes were held for 45 minutes, 4 days per week, with the ваше 
Physical arrangements and materials as before. Two rules obtained, “No 
talking during independent work,” enforced as above, and “No disturbing 
others,” enforced by exclusion for the remainder of the hour. Immediately 
following the class, correct responses were totaled, in the presence of the 
child, and a monetary pay-off occurred. The child was paid at a rate of 
one cent for ten responses by the office secretary. { 

Results. Rate of work began аб 100 responses рег session and reached 
а mean of 430 responses per session during the last four meetings 
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CUMULATIVE RESPONSES 


SESSIONS (ORDINAL NUMBERS) 


Юа. 1, Work output of retarded readers under conditions of self-selection, self- 
pacing and no consequence, 


TABLE 2 
Work Оптрот or RETARDED READERS UNDER CONDITIONS OF A 
Monetary CONSEQUENCE CONTINGENT UPON NUMBER OF 
Tasks COMPLETED CORRECTLY 


Grade Responses 

Subject Sex (months) ment sessions Total x 
A M n7 4.6 24 7000 x 
B M 124 4.6 24 6400 » 
c M 136 5.6 20 5715 Er 
D M 112 4.6 23 4600 ai 
E F 101 3.6 18 3825 E 
F M 114 3.6 16 3400 


| 


| 


TASK BEHAVIOR 49 


(Figure 2). All curves are accelerating positively by Session 16. Mean 
proportion of time spent in task behavior exceeded 90% on three of the 
last five sessions. 

Gains in reading skill are reported in Figure 2A. Test data indicate 
no change over the 6 weeks during which rate of work data was re- 
corded. Five of the six Ss continued treatment through 14 weeks by 
which time they had completed the program. Whereas mean deficiency 
was two grades and remained so after 6 weeks, mean final deficiency is 
slightly less than .6 grades or an achievement level of grade 4.0, the 
upper limit of the program as now constituted. “Expected achievement” 
is based upon mean chronological age. The mean gain of 1.4 grades may 
be compared with a median gain of .4 grades achieved by a sample of 
50 similar children treated in the year prior to this study. 
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Fic. 2. Work output of retarded readers under conditions of self-selection, self- 
Pacing, and a monetary consequence. 
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Fig, 2A. Reading achievement of clinic referrals after two periods of treatment 
with programmed materials in a controlled environment. 


Discussion. The condition of a monetary consequence contingent upon 
task behavior was clearly effective in producing a high rate of work 
and systematic achievement. There was virtually no rule-testing after 
ten sessions with this group of relatively disturbed children. 

Subjective evidence during the course of the experiment suggested 
that, while the apparent reinforcer was money, the effective reinforcer 
Might well be feedback information on progress. For example, one child 
Teceived $.26 one day and $.05 the next. He said, wonderingly, “H-m-m. 
T guess I didn’t work very hard today.” It was as though he had been 
Previously unaware of his role as a producer. 

If feedback is an effective reinforcer, other non-monetary procedures 
might be as powerful as the money pay-off. A non-monetary procedure 
Might be feasible for public school use. Experiment 6, described later in 
this Teport, uses performance feedback rather than money. 


Beperiment 3: Work Contract with Teacher Praise 


Procedure. Ss were six children referred by their school principals 
(Table 3, A-F). Three were from special education classes, two read 
Approximately 1 year below grade placement and one read at grade 
level. The boy who read at grade level was not performing at that level 
In school and was described as a behavior problem. 

Conditions were similar to those described for Experiments 1 and 2. 

Owever, children were asked to complete small amounts of work. Agree- 
Tent to work constituted a “contract.” When work contracts were com- 
Pleted, the child brought his work to the teacher who smiled and made 
Comments such as, “Good! You finished. Would you like to do some 
More?” If the child agreed to do more, the next contract was set. If the 
child did not agree to do more, he was instructed to go to a non-work 
Area containing play materials. 
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Rules were enforced by asking *What is the rule?" After the children 
left each day, the amount of work completed by each child was plotted 
on cumulative eurves which were displayed on a bulletin board in the 
classroom, 

Results. Work curves are shown in Figure 3. Absences are not indi- 
cated on the graph, which accounts for the differences in the number of 
sessions shown for the several children. Ss A and B worked slowly and 
steadily; Ss D, E, and F slowed down, and S D stopped, then went back 
to work; S E had almost completely stopped prior to Session 10. 

The acceleration in S E's curve occurred after the student was allowed 
to skip exercises if he could read the summaries at the end of exercises, 
After completing the exercises where that was possible, he stopped work- 
ing, whereupon he was tested (Session 18) and graduated. He was then 
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reading above grade level. Until Session 18, curve C has the general 
appearance of several small extinction curves superimposed upon a larger. 
extinction curve. The relatively large number of responses in Session 7 
occurred as the child stayed beyond the class session to complete а 
rather large program book. A similar event occurred in Session 18. The 
acceleration following Session 18 occurred when Ss D and F were absent 
often and E had graduated, reducing the effective class size to three 
students. Most of S C’s work during these sessions was on teacher 
directed and teacher paced exercises. 

Discussion. With one exception, the consequence of teacher praise 
resulted in rates of work slightly higher than those produced under 
Experiment 1, No Consequence, but work behavior was not well main- 
tained. Much of the time the children were engaged in activities such as 
running (quietly) around the room, tapping pencils, ete. Although con- 
siderable work was accomplished, working was clearly not the major 
activity in the classroom. The work curves displayed in the classroom 
were rarely examined by the children. 


Experiment 4: Work Contract with No Consequence, Work-break 
Consequence and with Monetary Consequence 


Procedure. Ss were six children; four of them, A, B, C, and D, had 
taken part in Experiment 3; two of them (G and H) were new, replacing 
the child who had graduated and one child who was not re-enrolled for 
the 6-week period (Table 3). Classes met 1 hour per day, 4 days per 
week for 6 weeks in the same classroom used in Experiment 3. 

No rules were used; the teacher allowed movement, talking, ete., and 
requested halts or reductions in non-task activity whenever he judged 
it necessary. Upon completion of a work contract or à work break, the 
child received the option of another contract or a work-break. Beginning 
with the 10th session (see (1) in Figure 4), the option was between 
another contract or a maximum break of 5 minutes; two consecutive 
breaks were not allowed. Beginning with Session 16 (see (2) in Figure 
4), pennies were given to the children upon completion of each contract. 
The amount per correct response was not specified to the child. He might 
receive one penny per response upon completion of one contract, one 
penny per two responses on the next. However, once the ratio of correct 
responses to pennies was increased, it was not decreased. The maximum 
ratio was one penny to four responses. Cumulative curves of each child’s 
performance were plotted after class and displayed in the classroom. 

Results. Work curves are shown in Figure 4. (The breaks in curves 
which occur just before procedure changes are due to absences which 
may have occurred any time the particular procedure was in effect; 
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however, curves are aligned at the beginning of each condition in order 
to facilitate representation of procedure changes.) 

"There is no general decline in work (and no teacher-paced accelera- 
tion). However, prior to the introduction of a “work-break” consequence, 
there is a deceleration of the four upper curves. 

Following the introduction of “work-break” consequences, curves C, D, 
G, and H accelerated and then decelerated. Curves A and B show no 
change; the children rarely came in contact with the “work-break” 
consequences, partly because of low frequency of completing contracts 
and partly because they occasionally exceeded the time allotted for the 
break. 

Five of the curves show acceleration after the introduction of monetary 
consequences. The acceleration in curve C is quite noticeable. 

Discussion. Ss A and B did little with the money except to ask what 
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it was for. After Session 17 the teacher suggested to the parents of the 
two children that they encourage the children to spend some of the 
money immediately after class. The subsequent acceleration in the curve 
for child B may have been due to a resulting increase in the value of 
the money to the child. 


Experiment 5: Work Contract with Monetary Consequence Plus Progress 

Plotting 

Procedure. Procedures were similar to those used in Experiment 4. 
Ss were eight children A, B, C, D, G, H, I, J, described more fully in 
Table 3. Child B was in a different class operated under the conditions 
described for Experiment 2. Children I and J joined the class after 
having been a two-person class for a 6-week period. Child C was 
scheduled to attend the class only on Tuesday and Thursday. 
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The class was taught part of the time by a male teacher and part of 
the time by a female teacher. 

The work-to-payment ratio was not stated to the children. Beginning 
with Session 11, the ratio was systematically increased. In Session 11 
it was 5/1, in Sessions 12-15 it was 10/1, in Sessions 16-19 it was 15/1, 
in Session 20 it was 20/1, in Session 21 it was 25/1. There was no 
monetary consequence during Sessions 22-24, Students graphed their 
work output at the end of each session throughout the experiment. 

Results, The cumulative work curves are shown in Figure 5. Absences 
are not indicated on the graphs. The performance was maintained 
throughout the experiment. There is some deceleration in curves J and 
H as the ratio of correct Tesponses per penny was increased from 5/1 to 
25/1 but the other curves are maintained or even accelerate at the 
higher ratios, 

Curves А, D, I, and J show no noticeable effect on the first day 
monetary consequences were removed. Ss H, G, and C show an inerease 
on the first day. C, D, I, and G show a decline on the last day whereas 
Н shows a large inerease and J а small inerease. 

Discussion. There was little time after the removal of monetary con- 
Sequence in which to observe effects. The ratio of correct responses/ 
penny had been increased to make the transition to no monetary con- 
Sequence less dramatic and was apparently successful. 


TABLE 4 
Аав, READING ACHIEVEMENT AND Work OurPUT UNDER CONDITIONS OF 


FEEDBACK ON Task BEHAVIOR 


Grade Responses 
2 Age place- No. of 
Subject Sex (months) ment sessions Total X 
I 
А M 132 4.9 21 5740 274 
B M 98 2.9 21 5725 273 
C M 124 3.9 19 5150 271 
D F 97 2.9 15 2775 185 
E M 98 2.9 21 3800 181 
F M 106 2.9 18 2750 153 
II 
A M 151 6.9 17 8175 481 
B M 144 5.9 20 9875 494 
с м 141 6.9 13 4925 379 
D M 128 4.9 18 5425 301 
E M 122 4.9 21 4700 224 
F M 140 5.9 16 2650 166 
G M 109 3.9 21 3475 165 
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The average response rates shown in Table 3 show a consistent pat- 
tern: In all cases where the comparisons can be made, a child’s response 
rate was lower in Experiment 4 than in Experiment 3 and higher again 
in Experiment 5. Our interpretation of this pattern is that the first 16 
sessions of Experiment 4 represent a continuation of the decline in rate 
observed in Experiment 3. That is, teacher praise and work-break con- 
sequences were not sufficient to maintain the responding of the children 
who took part in both experiments. 


Experiment 6: Non-Monetary Consequence, Task Contingent 


As outlined above (Experiment 2: Discussion), if the consequence, 
feedback of information, is an effective reinforcer in Experiment 2, 
other, non-monetary kinds of information may maintain task behavior. 
The simplest of these kinds of feedback appears to be a report of the 
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number of tasks completed, perhaps charted in a way which will allow 
а daily and weekly comparison of output. 

Procedure. Ss were 13 children referred by their principals for treat- 
ment. Six were placed in Group 1 with a teacher experienced in operating 
a controlled environment. Ages ranged from 8-1 to 11-0. Reading de- 
ficiencies ranged from .0 grades to 2.3 grades (Table 4). One boy, F, was 
classified as retarded with special room placement, B and E are twins. 

Seven boys were placed in Group II with a teacher recently trained 
in operating the room. Ages ranged from 9-1 to 12-7. Reading de- 
ficiencies ranged from 1.9 grades to 4.5 grades. Two boys were classified 
as retarded with special room placement, F (WISC IQ, 82) and G 
(WISC IQ, 69). 

Materials and procedures were those of Experiment 2. The two rules 


10,000, 


CUMULATIVE RESPONSES 


ENTE Юри ы в P 20 22 24 
SESSIONS (ORDINAL NUMBERS) 


Fic. 7. Work output of retarded readers under conditions of self-selection, selí- 
pacing, and immediate feedback on performance quantity (Class II). 


m s 


1 


| 
| 
| 


| 


d 


TASK BEHAVIOR 59 


regarding talking or disturbing others were in effect, At the end of each 
class, correct, responses were counted, in the presence of each child, and 
he charted his total “points” on a daily bar graph and a weekly eumula- 
tive bar graph. No comment was made by the teacher. 

Results. Work rates for Groups I and II are depicted in Figures 6 and 
7. With the exception of four Ss in Group II (Figure 7), the response 
curves are remarkably similar to those of Experiment 2. The exceptions 
are S G (IQ, 69) whose rate is slower than the others, but similar in 
configuration, and Ss A, B, and C. А and B appeared to be competing 
with each other. S C missed the second week due to a family vacation 
and worked very rapidly when he returned. 

Discussion. Observers reported changes in classroom behavior similar 
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to those reported in Experiment 2. It would appear, on the basis of 
similarity of work outputs, that information feedback in the form of 
“points” is fully as effective as the monetary consequence in maintaining 
task behavior, 


SUMMARY OF RESULTS 


The results of the six experiments are summarized in Figure 8 by 
plotting the median work output each day for each class. (Classes 6 and 
7 were part of Experiment 6.) Experiment 1, no reinforcement, reflects 
the lowest work output; 3 and 4 (work contract with teacher praise and 
teacher praise plus work break) are next in order. These conditions are 
probably most similar to normative classroom conditions in the schools. 
Experiments 2, 5, and 6 (money or information feedback) appear similar 
in level of output and in contour, The curve labelled 7 was produced by 
a group differing in age and grade from the other groups and showing 
evidence of a three person sub-group who appeared to he competing 
with one another, 


DISCUSSION 


There were higher rates of responding in feedback than in non-feed- 
back conditions (y? = 10.04, р < .01). 

Опе possible interpretation of the higher rates is that older children 
respond at higher rates than do younger children. The groups vary 
considerably in mean age, from 77 months in Experiment 1 to 134 
months in Experiment 6 (Figure 8). In fact, there is a significant rela- 
tionship between age and response rate: for all Ss taken together, those 
above the median age of all children tended to respond at rates above 
the median rate of all children (x? = 18.9, p < .001). Similarly, Ss above 
the median age within a particular class and within a particular treat- 
ment condition tended to respond above the median rate for that class 
and that treatment condition (x? = 154, р < .001). 

Furthermore, students in feedback groups, either money or progress 
charts, tended to be above the median age (x? = 10.04, р < 01), so 
attributing the results solely to the feedback effect appears to be un- 
warranted. There is Obviously a confounding of age and feedback 
conditions. 

On the other hand, age differences would not seem to account for the 
differences in the curves in Figure 8. For example, the mean age of 55 
contributing to curve 4 is equal to the mean age of S’s contributing to 
curve 6. Yet the latter curve is consistently higher and accelerating 
whereas the former curve is lower and, if anything, decelerating. And 
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curve 5 is lower than curve 6 (younger S's) and lower than curve 2 
(older S's). 

The problem addressed in these studies is that of maintaining task 
relevant behavior. Prior clinical work with children in the age range 
represented here had produced patterns of performance similar to those 
in Figure 1: deceleration and periods of no task relevant performance. 

Examination of all the curves of individual S's reveals that, with 
performance feedback and/or monetary consequences, performance is 
maintained or accelerated regardless of age. With teacher praise and/or 
no performance feedback, performance is not maintained (x? = 29.7, p < 
001) regardless of age. 

Similarly, examination of the curves of S's in Figure 3 reveals that a 
change to a monetary consequence is followed by an increase in task 
relevant performance (x? = 5.5, P < 05). The increase in rate during 
the several days after the introduction of money is also significant 
(x? = 8.5, р < 01). Since these curves accelerate and since those for 
individual S's in Figures 5, 6, and 7 are also either maintained or ac- 
celerated, we conclude that it is appropriate to attribute the major results 
to the presence of performance feedback rather than to the age of the S's. 

There were monetary consequences throughout Experiment 5 except 
for the last three sessions. Removal of the money was followed by a 
range of effects and was not continued long enough to determine whether 
or not the performance would continue without it. However, the children 
were already routinely graphing their results before counting their 
money. As shown by Experiment 6, graphing is а sufficient condition for 
maintaining task behavior. 


SUMMARY 


The work output of retarded readers using а programmed literacy 
curriculum was observed under various conditions of reinforcement in à 
controlled classroom. Task behavior was followed by conditions of no 
consequence, teacher praise, a work-break consequence, à monetary Con- 
sequence and feedback on amount of work (relative to previous work). 
Extinction of task behavior tended to occur under conditions of no 
consequence and of teacher praise. Conditions of monetary consequence 
and of feedback on progress resulted in high, sustained rates of work 
behavior. 


CONCLUSION 


The solution to the problem of maintaining task behavior was found 


to be a simple one. Providing retarded readers with feedback on progress 


was sufficient to keep them performing at high rates. In effect, they were 
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trained to perform desired classroom behavior by an arbitrary, but © 
systematic, point system. The points replaced money within and between 


experimental groups with no appreciable change in task-relevant 
behaviors. 
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The Effect of Serial Structure on Children's 
and Adults’ Paired-Associate Learning” 


Francis J. Dr Vesta AND Martin E. BERNSTEIN 
The Pennsylvania State University 


Performance was compared of children's and adults’ learning of a paired- 
associate task in which response terms formed an oppositional serial struc- 
ture. The hypothesis that end items in the structure served as anchors was 
supported by the finding that they were learned prior to intermediate items 
even though the word-pairs were presented in random order. The scaling 
of items in semantic space was related to the obtained serial-position 
effect, When idiosyncratic structures were considered the serial learning 
curve was very closely approximated. Children’s use of the structure paral- 
leled those of adults in the learning of all but one of five lists. The results 
suggest that structuring of the task by S involves elaborative activities 
in which the materials are organized in meaningful fashion and selective 
processes that determine the order in which items will be learned. 


A unique procedure for demonstrating an interesting effect of structure 
osley in 1962. They found 


on learning was introduced by DeSoto and B 


that presenting elements of a set of words with a bounded serial structure 
) as response terms in a paired- 


(Freshmen, Sophomores, Juniors, Seniors 

associate learning task determined the ease of learning à given response 
term. The rapidity with which a response was learned was a function of 
its position in the serial structure even though the paired-associates 


were presented in random order. ; 

Other studies (Pollio, 19662; Pollio and Draper, 1966; Pollio, 1968; 
Pollio and Deitchman, 1964) extended this procedure to шш n 
structures involved in the progression of natural numbers and in sets ? : 
words with oppositional serial structures such as Beautiful, Pretty, Fair, 


This work was supported by research grant HD-02025 from the National 
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The authors are indebted to Andrew J. Chatlas, Director of Elementary Education 


in the Bellefonte Area School District, Ott B. Kantner, Principal of the поса 
Elementary School Robert E. Davy, Principal of the Pleasant Gap Elementary 
t hilipsburg, and to 


School, Sara Moyer, Principal of the Sixth Street Junior High, P Ws 
the fifth-grade teachers Ruth Jones, Christina Poorbaugh, Stanley Rogers, Marjorie 
Sholl, and Yvonne Smith of Bellefonte School as well as John Shawley of Pleasant 
Gap for their cordial cooperation, and that of their pupils, in the conduct of this 
study. 
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Homely, and Ugly. Ап analysis of the latter set of words suggested that 
the order implied within the set was correlated with locations of the 
words on the evaluative dimension of semantic space (Osgood, Suci, and 
Tannenbaum, 1957). The words were also similar in the sense that they 
all refer to values related to the denotative attribute of beauty. 

The present series of experiments extended the results of the earlier 
studies by comparing children’s and adult’s performance on paired-associ- 
ate tasks in which there was an underlying oppositional serial structure 
unifying the response terms. It was reasoned that the serial position effect, 
in which the end items are learned more easily than the intermediary items, 
would be attained with college Ss to a significantly greater extent than 
for fifth grade Ss on the assumption that college Ss would have over- 
learned the underlying structure implied by the items. In one experiment, 
the treatments employed by Pollio (1966a) were replicated with children 
as well as with adult Ss. In another experiment response terms were 
selected which were ordered on the evaluative dimension but which were 
denotatively dissimilar. The third experiment investigated the relation- 

. ship of self-imposed structures to the learning of a task with a single 
underlying oppositional connotative structure but with more than one 
underlying denotative dimension. Variations within each of the first two 
experiments were accomplished by replications with different lists. 


METHOD 

Subjects. The children were 63 fifth-grade pupils from a school district 
within the vicinity of the University Park campus of The Pennsylvania 
State University. The college student Ss were 63 undergraduate male 
and female volunteers from the introductory educational psychology 
course at The Pennsylvania State University. The college Ss received 
course credit for participation in the experiment. None of the Ss had 
participated previously in a verbal learning study. There were 15 children 
and 15 college students in Exp. I with List I. In each of the remaining 
treatments there were 12 Ss in a group. 

Materials. The task materials were simply memory drum tapes sepa- 
rately prepared for each of the experimental conditions. On each tape 
were four presentations of 15 pairs of words. The stimulus terms were 15 
three-letter girl’s names such as Nan, Sue, Bab, Lil, Amy, Roz, Flo, Kim, 
Dot, Eve, Peg, Viv, Ida, Joy, and Cyd. Each name was randomly paired 
with one of the five response terms in whatever serial order structure was 
being manipulated for a given experiment, Thus, for example, in the first 
experiment to be described below the serial structure was Beautiful, 
Pretty, Fair, Homely, Ugly. The matching procedure resulted in pairing 
each adjective, as a response term, with each of three different names, 48 
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stimulus terms. The four presentations of the 15 pairs were in different 
orders as determined by reference to a table of random digits. The five 
response terms for each experiment were assumed to represent five points 
along the continuum of the underlying semantic serial-order strueture. The 
specific response terms and their semantie differential ratings will be 
given in the description of each experiment. A given set of words was used 
with both adults and children. Normative data regarding the connotative 
meanings (semantic differential ratings) of words for children were ob- 
tained from the Di Vesta and Walls (1969) norms and those for adults 
were obtained from the Jenkins, Russell, and Suei (1958) or the Gerow 
and Pollio (1965) norms. If the norms were not available from any of 
these sources, ratings of a given word were obtained locally. 

Procedure. The Ss were tested individually. In an initial familiarization 
trial each pair of words was exposed for a 5-second interval, preceded 
by the instruction that the task was to learn the adjective (response) 
paired with the name (stimulus). Following the familiarization trial, the 
anticipation method for paired-associate learning was used. Longer 
presentation times were employed for children than for adult Ss; the 
rate was 3-second/2-second for children, and 2-second/1-second for adults 
on a Stowe memory drum. АП Ss learned to a criterion of one errorless 
repetition of the entire set of 15 word-pairs. 


RESULTS 


There were three experiments in which the serial order structure was 
varied. In addition there were slight modifications in procedure among 
conditions which will be noted where appropriate. 


Experiment I 


The first experiment was a replication of one conducted by Pollio 
(1966a). The response terms were Beautiful, Pretty, Fair, Homely, and 
Ugly (List I). Their respective semantic differential ratings on the 
evaluative dimension (as measured on the Good-Bad scale) were 1.93, 
3.93, 3.93, 5.43, and 5.78 for college Ss; and 1.91, 244, 2.57, 4.07, and 
5.16 for fifth grade Ss. 

The mean number of trials taken by Ss in each group to learn the 
three pairs associated with each of the response terms are displayed in 


Figure 1.2 Although there is a definite serial-position effect it is marred 


by the slightly greater ease in learning the middle term than in learning 
have chosen to display the data 
curves been used equal spacing 
one another; however, 


ae Note that while we have referred to curves we 
in histogram form. The reason for this is that had 
on the baseline would imply the words were equidistant from 
Ш по case was this the actual situation. 
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Children 
Я Adults 


MEAN TRIALS TO CRITERION 


Fic. 1. Mean trials required by children and adults to reach criterion for each 
element of the oppositional Structures in Lists I and II of Exp. I. 


each of the adjacent terms. This result contrasts with Pollio's results since 
he found that the stimuli associated with the response term, Fair, in 
the intermediate position was considerably more difficult to learn than 
any of the other terms, However, the present results seem reasonable 
since they reflect the similarity in the semantic ratings of the two words 
Pretty and Fair which perhaps leads to interference. Otherwise, the find- 
ings compare favorably with those of other studies even to the extent 
that the item occurring first in the strueture (primacy) is learned with 
greater facility than that item occurring last in the structure (recency). 
Also to be noted in the data is the degree to which the curves for the two 
groups parallel one another at every point. 

The data for Trials to Criterion for each set of words were analyzed 
by а mixed analysis of variance with Age as the between variable and 
response Words as the within variable. This analysis yielded significant 
main effects due to Age (F = 10.16, df = 1,28, р < .01) and to Words 
(F = 694, df = 4112, p < 01). The interaction was not significant 
(F = 0.62, df = 4,112, p  .05). 4 

А. second list for Exp. I was devised to provide a serial structure ш 
which the elements were more clearly separated in the children’s norms 
than they were in List I. It was administered in the paired-associate task 
to Ss (children and college students) different from those Ss used in the 
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first task. The list was comprised of the words Beautiful, Pretty, Average, 
Awkward, Ugly (List II). The norms for adult ratings of these words 
were 1.93, 3.07, 3.93, 5.14, and 5.78, respectively; the norms for children's 
ratings were 1.91, 2.44, 3.19, 4.38, and 5.16, respectively. 

The results corroborate those found in List I. The definite bow-shaped 
curve with pronounced primacy and recency effects is displayed in Figure 
1. An analysis of variance of Trials to Criterion indicated the effect due 
to Age was significant (F = 8.41, df = 122, p < 01) as were the effects 
due to Words (F = 12.01, df = 4,88, p < .01) and to the interaction of 
Age X Words (F = 2.97, df = 4,88, p < 05). 


Experiment II 


In the second study an attempt was made to manipulate oppositional 
structure based on the Good-Bad semantie meaning dimension, but the 
words themselves did not refer to a similar attribute as did the elements 
in the Beautiful-Ugly structure. Accordingly, the words Beautiful, Swift, 
Average, Weak, and Dull (Exp. II-List I) were selected. These words 
can be seen to represent both the Potency (e.g, Weak) and Activity (e.g., 
Swift) dimensions of semantic space as well as the Evaluative dimension. 
The normative semantic ratings on the Good-Bad scale for these words 
by college students were 1.93, 2.14, 3.07, 5.79, and 6.07; for children the 
normative ratings, based on scales contributing to the evaluation 
dimension, were 1.91, 3.29, 2.46, 5.46, and 5.35. The ratings on the Strong- 
Weak scale were 3.36, 2.21, 3.36, 5.07, and 5.71 for college Ss and 3.18, 
2.84, 3.00, 6.73, and 5.15 for children. On the Fast-Slow scales the ratings 
were 3.50, 1.29, 3.50, 5.71, and 6.43 for college Ss and 3.97, 2.32, 4.12, 
5.26, and 4.73 for children. 

The data obtained from the Ss’ performance on this task are sum- 
marized in Figure 2. Again the serial learning curve is approximated to 
the extent that first and last terms are learned more easily than inter- 
mediate terms, except for learning of Average by the group of college Ss. 

The analysis of variance of these data yielded main effects, on the 
dependent variable of Trials to Criterion, due to Age (F = 21.87, df E 
122, р < 01) and to Words (F = 403, df = 488, p < 0). The inter- 
Eo of Age X Words was not significant (F = 1.54, df —488, p< 


The second list used in Exp. II, administered to still other groups of 
Ss, was comprised of the items Sweet, Pretty, Usual, Rough, and Dirty 
(Exp. II-List II). The norms for college students! ratings of these items — 
on the Good-Bad scale were 2.45, 2.45, 2.91, 4.78, and 5.64, whereas 
children's ratings were 1.48, 2.00, 2.81, 4.94, and 6.34. In this list the 
oppositional structure was more clearly defined for children than for the 
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Children 
C] Adults 


MEAN TRIALS TO CRITERION 


Fig. 2. Mean trials required by children and adults to reach criterion for each 
element of the structures in Lists I and II of Exp. II. 


adult Ss and this difference was clearly reflected in the results as may be 
seen in Figure 2. None of the F ratios for the effects of Age, Words, or 
the interaction of Age X Words on Trials to Criterion were significant 
(p > .05) for this list. 


Experiment III 


The findings from Exp. IT indicated clear approximations to the serial 
structure with children for whom the words were separated by somewhat 
equal scale distances on the evaluative dimension of the semantic dif- 
ferential; however, the results with adult Ss using the same words were 
not as clear cut. The fluctuations in the curves for these Ss were more 
or less erratic. This finding implied the possibility that some items may 
stand out over the others, as the word Usual might in the context of the 
Sweet-Dirty continuum; or, that an idiosyncratic structure was being 
imposed on the response terms by the adult Ss. i 

Accordingly, the third study was designed to investigate the possibility 
that under some circumstances Ss might impose a structure on a sertes 
of response items that corresponds more to their subjective experience 
than it does to normatively determined structures. It was reasoned that 


| 
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this structure was an important determiner of whatever learning curves 
were obtained under sueh unusual task demands as the presence of 
several potential structures underlying a series of items. Thus, the learn- 
ing curves generated in Exp. II could have been influenced, at least in 
part, by subjectively determined end-anchors and subjectively judged 
“distances” between elements of the structure. 

The words used in the list for Exp. III were Strong, Healthy, Normal, 
Sickly, and Weak. There are two possible bases for establishing anchors 
in this series: either Strong-Weak or Healthy-Sickly. The normative 
adult semantic differential ratings on the Strong-Weak scale for the five 
terms were 1.14, 1.50, 3.21, 6.79, and 7.00, respectively ; and the normative 
children’s ratings were 1.00, 1.34, 2.69, 4.37, and 6.73, respectively. Thus, 
the terms were clearly separated on this seale for both groups though 
slightly more so for children than for adults. 

In order to determine the self-imposed anchors in this series of items 
the Ss were asked, after completion of the task, to rank the five words 
according to degree of “strength” (most to least) they believed was rep- 
resented by each word. Trials to Criterion were separately calculated 
both on the basis of the normative structure and on the basis of the sub- 
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MEAN TRIALS TO CRITERION 


Subjective Ranking 


Fic. 3. Mean trials required by children and adults to reach criterion for elements 


of an ambiguous structure serially ordered according to od uid Equus 
ratings on the potency scale (left diagram) compared to. Maec Т 
elements are ordered according to self-imposed structures (right. di i 
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jective judgments. Thus, the items selected as “most strong" and “least 
strong" by a S were assumed to be his anchors ; those judged “second 
most” and “next to least" his second and fourth position terms, respec- 
tively, and the remaining item was assumed to be in the middle position. 

The performance of Ss on items ranked according to the normatively 
determined structure and also according to the self-imposed structure are 
shown in Figure 3. There it may be seen that, with the scrial structure 
determined by the normative data, a serial learning curve might be ap- 
proximated if the terms Weak and Sickly were interchanged for the Col- 
lege group, but no amount of “shuffling” of terms would achieve a serial 
learning curve for the children’s responses. However, when the self- 
imposed structures are considered, the children’s and adults’ performances 
yield parallel learning curves that conform almost perfectly to the serial 
order learning curves. (See Figure 3.) 

The analysis of variance of Trials to Criterion based on data for the 


self-imposed structures yielded significant effects due to Age (F = 21.88, 


df = 1,22, p < .01) and to Words (F = 3.55, df = 4,88, p < .05). The 
interaction was not significant (p > .05). 


DISCUSSION 


The results of the three experiments described here demonstrate that 
àn oppositional structure defined in terms of semantic differential ratings 
affects the learning of a paired-associate task; that “structure” effects 
in paired-associnte learning ean be obtained with children; and that 
self-imposed structures can over-ride normatively determined ones. 

The mere separation of Words on one seale of the semantie differential 
does not seem to be a sufficient condition for such effects to be clearly: 
Observed except, Perhaps, for the selection of anchors. The clearest 
demonstration is obtained when the response words are both ordered 
in oppositional fashion and denotatively related. Where there is an under- 
lying salient semantic dimension (e.g., Evaluation, Potency, or Activity) 
represented in the series of words, in the absence of a distinct denotative 
relationship, a self-imposed structure appears to have a strong effect on 
the order in which the words are learned. Thus, in the performance of this 
task S engages in elaborative activities whereby elements added to the 
materials presented for learning structure the task in meaningful fashion, 
and selective processes that determine the order in which items will be 
learned. 

As interesting, however, is the finding that the oppositional structure 
affects children’s acquisition of responses in precisely the same manner 
as it does the adults’ learning. With all lists except List II, Exp. II, the 


my 
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pattern of acquisition by children closely paralleled, point-by-point, the 
pattern of acquisition by adults. Some of the difference between the per- 
formance of the two groups on List II, Exp. II can be explained by the 
differences in meaning (as defined by semantic differential norms) held 
by the two groups for the component words of the structure. The data 
also suggest that the deviations may be the consequence of differences 
in end-anchors selected by the two groups as basic reference points. 
The results of the present study corroborate those of previous studies. 
They show that learning a series of responses bounded by words on ex- 
treme ends of bi-polar scales representing a salient dimension of semantic 
meaning is similar to paired-associate learning which involves other serial 
word orders (DeSoto and Bosley, 1962; Pollio and Draper, 1966; Pollio, 
1966a). However, it is recognized that words are organized according 
to many bases (Pollio, 1966a; 1966b). Which principle of organization 
affects learning depends upon the requirements of the task. For example, 
in the present study the oppositional words are typically high associates 
of one another (e.g., Beautiful-Ugly or Strong-Weak) and thus are 


proximally related. Such relationships have been shown to have important 


effects on mediation, clustering, and other generalization processes because 
of a structure based on proximity. On the other hand, in the present study, 
and in studies on which it is based, the order in which words are “selected” 
for learning by the subject is based upon a structure which suggests these 
words oppose one another. 

There are some cautions regarding the present design that might be 
worthwhile to consider in planning other related investigations. First, 
there is only moderate assurance that stimulus sets are balanced over the 
different responses even though they were randomly matched. Especial 
difficulty was encountered with children in this regard. In our pilot studies, 
several names were discarded because the effects of their strong associ- 
ations with popular characters, acquired through such media as television 
programs and children’s books, over-rode the effects of serial order struc- 
ture. Although such uniquely meaningful words were eliminated, where 
there was sufficient evidence for doing so, it is conceivable that a given 
response term may still have been associated with a particularly easy 
or difficult stimulus set. If it is not known conclusively whether order of 
learning is due to the nature of the response, as suggested, or to the nature 
of the stimulus set, this point could be especially important in the inter- 
pretation of findings regarding idiosyncratic orderings. More needs to 
be known about the stimulus attributes cutting across a given response 
in experiments of this type. While there is the possibility that stimulus 
factors could have accounted for some of the erratic findings from list to 
list, the concern seems less important when the degree of replication across 
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lists, subject samples, and experiments is considered. Nevertheless, the 
difficulty can be remedied in future investigations by balancing the 
materials so that each stimulus set is associated with each response an 
equal number of times. Finally, the effect, of two potential anchoring 
points on self-imposed structures will require at least several more samples 
of this type of response set before the conclusions will have a definite 
basis for generalization. 

Despite the cautionary note, the procedure appears to be sufficiently 
sensitive to extra-experimental relationships as to warrant further 
investigation of the effects of such variables (DeSoto and Bosley, 1962; 
Pollio and Deitchman, 1964). One of the reasons why the exact repli- 
cation of the bow-shaped curve is not always attained, as in the present 
study, may be that some words such as those in the Strong-Weak and 
Beautiful-Ugly oppositional series are ordered differently by men and 
women or by boys and girls. This, too, suggests that differences among 
groups might be hypothesized to be related specifically to the learning 
of structures peculiarly associated with particular groups. Thus, Beautiful- 
Ugly might provide more definite anchors for women than for men but 
Strong-Weak might be more structured for men than for women. Simi- 
larly, whether men’s or women’s names are associated with one or the 
other of the structures might be found to interact with the kind of struc- 
ture used (see, e.g., Pollio and Draper, 1966). The consideration of dif- 
ferences among groups suggest, too, that this procedure might also be 
useful for investigations related to the cognitive functioning of lower- 
and middle-class children, of children with different ethnic origins, and 
the like, 
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Preschool Children's Ratings of Familiarized and 
Nonfamiliarized Visual Stimuli 


GORDON N. CANTOR AND Sunnan К. Kupost’ 
Institute of Child Behavior and Development, University of Iowa 


Two experiments are described in which preschool-aged Ss first, observed 
repeated projections of six stimuli (white on black, low meaningful figures) 
in a familiarization phase and then rated these and six previously unseen 
stimuli in a test phase. The test phase for Experiment I entailed single 
stimulus presentations, with 5 responding to each by saying, “I like it” or 
“I don't, like it.” In Experiment П, familiarized and nonfamiliarized stimuli 
were presented in pair-wise fashion in the test phase, S being asked to point 
to the one he “liked best” in each case, The results from both experiments 
indicate the Ss showed a significant preference for the nonfamiliarized 


over the familiarized stimuli. These findings are discussed in relation to; (a) 
those of earlier related child studies; (b) a thesis recently proposed by 
Zajone (1968) to the effect that “mere exposure” to stimuli enhances at- 


titudes toward them; and (c) the position taken by Fowler (1967) that 
familiarized stimuli are a source of tedium and stimulus change may 
constitute a reinforcing state of affairs, 


In a recently published monograph, Zajone (1968) discusses evidence 
supporting the thesis that, *. , . mere repeated exposure of the individual 
to a stimulus is a sufficient condition for the enhancement (italics ours) 
of his attitude toward it." By “mere exposure" Zajone means, “, , . а cone 
dition which just makes the given stimulus accessible to the individual's 
perception" (Zajone, 1968, p. 1). Support for this thesis is impressively 
documented by reference to varied kinds of evidence, including 60r- 
relations found between affective connotations of words and word 
frequency in the natural language, the effects of experimentally manipu- 
lated frequeney on affective responses to symbols or their referents, ete. 

Data gathered on child Ss in our laboratories and elsewhere over the 
past several years provide a consistent and puzzling contrast to the sorts 
of findings cited by Zajone, For example, Cantor and Cantor (19044, 
1964b, 1966) have found that kindergarten-aged children given the op- 
portunity to project familiarized and nonfamiliarized visual stimuli 
project the nonfamiliarized material for longer periods of time. Such 

‘We are indebted to Mre, Mary J the data for Ex- 
periment II. The work reported ae en the second author 
was supported by NICHD Training Grant T1-HD-113. 
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results have suggested the conclusion that, given the particular stimuli 
and the familiarization and test procedures involved, Ss "prefer" the non- 
familiarized to the familiarized stimuli. 

We have been interested more recently in obtaining supportive evidence 
for such a conclusion by asking child Ss to provide “like-dislike” ratings 
of familiarized and nonfamiliarized stimuli. The desirability of tapping 
preferences via use of different response systems is attested to by the 
recently reported data of Kaess and Weir (1968), who found that 29- to 
66-month-old children’s preference funetions for stimuli varying in 
complexity level differed when stated preferences and observing times 
were used as dependent variables. 

In an initial study (Cantor, 1968), 5th- and evaluated 
familiarized and nonfamiliarized Welsh figures (Welsh, 1959) on a “like- 
dislike" continuum. It was found that these Ss gave more 
favorable ratings to nonfamiliarized than to familiarized stimuli, The 
present paper reports two follow-up rating experiments that entailed use 
of preschool-aged Ss. Since the projection data cited above were gathered 
on kindergarteners and the just mentioned rating data were obtained on 
Bth- and 6th-graders, it was considered desirable to gather rating data 
on Ss more comparable in age to those serving in the projection studies 
than was the case in the initial rating study. We believe the resulta of 
these most recent, experiments are of interest because: (1) they suggest 
that, under certain circumstances, observing time and rating measures do 
produce comparable sorts of findings; (2) the data add to a growing 
body of evidence that conflicts with the Zajone thesis; and (3) such 
findings bear rather directly on current theorizing (645, Fowler, 1967) 
that attributes tedium properties to familiarized stimuli and reinforcement 
properties to stimulus change. 


EXPERIMENT I 


In this experiment, Ss viewed six 4-second projections of 
stimuli (white on black, low meaningful figures) and then " of “1 
and also six others (not previously seen) by "І like it” or 
don't like it.” Thus, the test phase in this ense entailed simple verbal 


responding on the part of the Ss and single-stimulus pre 


Method 
Subjects 
The Se were 52 children (28 boys, 24 girls) enrolled in the University 


of Iowa Preschools. Their mean age was 4 years, 11 months, with a 
Of 4 years, 0 month to 5 years, 8 months. 


Г 
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Apparatus and Materials 


The principal pieces of apparatus were a Kodak RA950 Carousel 
projector, two Hunter timers used to control stimulus and interstimulus 
intervals, and a rear sereen projection box. Twelve figures selected from 
the Welsh Figure Preference Test (Welsh, 1959), divided into two sets 
(A and B) of six figures each, were used as stimuli. 


Procedure 


Each S was run individually in a dimly illuminated room. The session h 


began with a familiarization phase consisting of six 4-second exposures of 
each of the six figures in either set A or set B, for a total of 36 stimulus 
presentations. Half the boys and half the girls were assigned randomly to 
be familiarized on set A, the remaining Ss being familiarized on set B. For 
a given familiarization group, each of the six stimuli was presented once 
within successive blocks of six trials. A different random order was used 
for each of the six blocks, these orders being the same across all Ss in 
that familiarization group. Interstimulus intervals lasting 2.5 seconds 
entailed projections of a blank slide. In the familiarization phase, S was 
simply told to attend to the projection sereen. 

At the start of the test phase, which followed immediately after the 
familiarization phase, the following instructions were read to 8: 


Now when I show you a picture, I want you to look at it carefully 
until it goes off. After it goes off, tell me if you like it or if you don't 
like it. I have looked at these pictures before and I like some of them 
but I don’t like some of them. You look at the pictures and after each 
one goes off, say “I like it" if you like it or say “I don’t like it” if 
you don’t like it. (If S did not respond following a stimulus presen- 
tation, E asked, “How about that опе?”)з 


Each of the 12 figures (six familiarized and six nonfamiliarized) was 
projected once for a 4-second duration during the test phase. The stimuli 
were grouped into six blocks of two each, with one familiarized and one 


nonfamiliarized stimulus being randomly assigned to each block. The ' 


“In the earlier rating study (Cantor, 1968), 5th- and 6th-graders evaluated 
stimuli by marking points along a 128-cm line having as anchoring terms the words 


“strongly dislike” and “strongly like.” This task was judged to be inapplicable in | 


the case of preschoolers—hence the use of the simpler rating task described above 
in Experiment I and the subsequently described task utilized in Experiment П. 
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order of occurrence within each block was also randomly determined. Four 
different such semi-random stimulus orderings were used, a fourth of the 
Ss being assigned to each of the sequences. 

The length of the interstimulus interval in the test phase depended on 
the latency of S's evaluative response and/or the time required by E to 
record S's response, select the next figure to be presented, and reset a timer 
(approximately 5 seconds), Despite the instructions, Ss frequently re- 
sponded during the 4-second exposure duration. In these cases, E recorded 
the response when it occurred and, following stimulus offset, performed 
the remaining two steps; thus, the interstimulus interval in these instances 
depended only on the time required for the necessary procedural steps. 

At the completion of the test phase, S selected a prize from a display of 
dime store toys and returned with it to his classroom. 


RESULTS 

The criterion measure was the number of times S responded with ^I like 
it” to the familiarized and to the nonfamiliarized stimuli. The possible 
range for a given S was 0-6 for each of the two stimulus categories. The 
average number of times the 52 Ss responded ^T like it” were as follows: 
(a) for the familiarized stimuli—X = 3.92 (SD = 1.50); and (b) for 
the nonfamiliarized stimuli—X = 4.77 (SD = 1.28). 

Note that both of these values exceed the average to be expected (i.e., 
X — 3.00) had the Ss been responding on a random basis. Applications 
of the appropriate £ test revealed that in both instances the Ss responded 
"I like it" significantly more frequently than would be expected by 
chance (t for familiarized stimuli = 4.42, df = 51, р < .001; t for non- 
familiarized stimuli = 9.97, df = 51, p < 001). 

However, when a related ¢ test was run comparing the numbers of 
times the Ss responded favorably to the two stimulus types, it was found 
that “I like it" responses occurred significantly more often to the non- 
familiarized than to the familiarized stimuli (t = 3.35, df = 51, p< 
01). Thus, despite a general tendency to engage in “yea saying,” the Ss 
did respond so as to express a greater liking (as defined by the rating 
Method used) for the nonfamiliarized stimuli. 


EXPERIMENT П 
Tn the second experiment, Ss viewed six 5-second 
Six stimuli. Subsequently, each of the six familiarize 
With a different one of six previously unseen stimuli. The S responded 
to each paired presentation by pointing to the stimulus he “liked best. 
Hence, the test phase in Experiment II entailed paired-presentations of 
stimuli and a simple motor response on S's part. 


projections of each of 
d stimuli was paired 


78 CANTOR AND KUBOSE 


Method 


Subjects 


The Ss were 36 children (16 boys, 20 girls) enrolled in the University 
of Iowa Preschools. They ranged in age from 4 years, 2 months to 5 
years, 2 months, with a mean of 4 years, 7 months. None of these children 
served as Ss in Experiment I. 


Apparatus and Materials 


In addition to the necessary timing equipment, this experiment entailed ` 
use of two Kodak RA950 Carousel projectors and two rear-sereen 
projection boxes. The same Welsh figures used in Experiment I, divided 
аз before into two sets, composed the stimulus materials. 


Procedure 


The S was told before entering the experimental room that he would 
win a toy if he watched "carefully" during the game he was to play. Half 
the Ss (9 boys, 9 girls) were familiarized on stimulus set A, the remaining 
Ss (7 boys, 11 girls) being familiarized on set B. The familiarization phase 
was administered exactly as in Experiment I (including use of one 
projector and one screen, the latter located directly in front of 8), except 
that 5-second stimulus-on and 3-second stimulus-off intervals were used 
and S was told after every six projections, “Ве sure to watch carefully" 
or "Keep on watching carefully—that’s good." Immediately following the | 
familiarization phase, E rearranged the situation by introducing the 
second projection box so that the two boxes were placed symmetrically 
before S, with the two projectors being located in appropriate positions 
behind the boxes. Each projector was loaded with slides involving all 12 
stimuli, so that any figure could be projected on either screen. 

To begin the test phase, S was then told, “Now I’m going to show you 
two pictures at a time. When the pictures come on, look at both of them 
carefully, and then point to the one you like best.” The six paired presen- | E 
tations were then given, a trial beginning with the simultaneous ap- 
pearance on the screens of a particular stimulus pair. After S pointed to 
one of the stimuli, E switched the projectors to blank slides, recorded 
S's response, and then presented the next stimulus pair. Following the 
sixth presentation, S chose a reward from a pool of dime store toys and 
returned to his classroom. 

The composition of the paired presentations in the test phase was 
determined as follows. Consider the set A stimuli as numbered 1-6, the К 
set B stimuli as 7-12. Six different patterns of familiar stimulus-non- Ё 
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; 
{ familiar stimulus pairings were set up (e.g., one pattern was 1—7, 2-8, 
.,., 6-12). In no case was a particular pairing repeated across the six 
pairing patterns. For each of the six pairing patterns, six different orders 
of paired presentations were then set up. Three Ss from the group famil- 
jarized on stimulus set А. were assigned to a different one of the six orders 
for a given pairing pattern and three Ss from the group familiarized on 
stimulus set B were assigned to the remaining three orders for the pairing 
pattern in question. Similar assignments were made to the remaining 
| pairing pattern-order combinations, with the consequence that there was 
` a total of 36 pairing pattern-order combinations, one for each of the 36 
Ss. The right-left spatial arrangement of the stimuli within pairs was 
randomly determined for each S separately, with the restriction that the 
familiar and nonfamiliar stimuli occurred equally often on the right and 
left in the six paired presentations given each 8. 


RESULTS 


The dependent variable was the number of times S pointed to the 
nonfamiliarized stimulus as the preferred member of a pair, the possible 
range of scores being 0-6. The mean across all 36 Ss was 4.69 (SD = 
1.39), indicating a preference for the nonfamiliarized stimuli. Testing of 
the obtained mean against what would be expected by chance (ie., 
X= 3.00) produced a t = 7.29 (df = 35, p < .001). Twenty-nine of the 
36 Ss had a score of 4 or higher. Because 6 of the 7 Ss who deviated 
from this preference tendency were in the group familiarized on stimulus 
set B, it was decided to examine the data separately for the two counter- 
balancing groups. The group familiarized on set A had a mean of 5.11 
(SD = 1.02), whereas the mean for those Ss familiarized on set B was 
4.28 (SD = 1.60). Both of these means deviate significantly from 3.00 
(t= 8.79, df = 17, p <.001; t — 337, df = 17, p < 01)* While the 
two groups differed significantly from each other in the magnitude of their 
Variances (F = 2.45, df = 17/17, p < .05), the results of neither a t 
| lest nor a median test suggested that a difference in central tendency 
| between the two groups was significant. 
the skewed nature 


the é test is quite 
st result 


"These two £ values must be interpreted guardedly, in view e 
of the data and the small N's involved here. Note, however, that 
"bPropriate when applied to all 36 scores, as was the case with the ¢ te 
Teported. earlier, í T i 

“Ап additional 36 Ss were run-in conjunction with Expe A p 
Procedures being identical to those used in the main experiment, save for the r 
that S was told in the test phase to point to the stimulus he had seen шшк the 
familiarization phase. Surprisingly, the accuracy of recall (X = 4.44, SD = 2.01) was 

" Smaller in magnitude (but not significantly so—t = 61, T0) thon Ше сва 
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DISCUSSION 


The results of the two experiments reported in this paper are сора 
with those of the earlier rating study (Cantor, 1968) and three proj 
time studies (Cantor & Cantor, 1964a, 1964b, 1966) cited previously, 
well as with those reported by others using child Ss but different 
of experimental paradigms (e.g., Odom, 1964; Harris, 1965; Mendel, 1965; 
Gullickson, 1966; Endsley, 1967). 

The picture emerging from all of this work—that of the child's pref 
enee for nonfamiliar as opposed to familiar stimuli—appears to 
head-on with the thesis of the Zajone (1968) monograph. In reflecting on. 
this diserepaney, one’s attention is immediately directed to the fact that 
all of the empirical evidence cited by Zajone was gathered on the bigh 
school or college student. Perhaps developmental factors are of erueial. 
relevance here. | 

Were Zajone's conclusion limited to the sphere of the word frequeneye 
attitude relationship (and a substantial portion of his monograph has such 
а focus), the diserepancy might not be considered а compelling one, It 
may well be that the consideration of differential numbers of exposure 
(but all numbering in the thousands or tens of thousands or more) to 
word stimuli has little or nothing in common with that of the exposure 
of children to small numbers of presentations of geometric forms, toy 
ete, But Zajone discusses experimental studies that entailed small numbers 
of exposures and use of non-word stimuli (e.g, Chinese character, 
pietures of men's faces), Thus, there is a generality to the data Zajone 
cites that leaves one with the definite impression that the Se in the ehild 
studies mentioned above should have been expected to prefer the famil | 
inrized to the nonfamiliarized stimuli presented to them. | 

In eoneluding his monograph, Zajone urges that, ^. . . future researel 
must, in particular, concentrate on the effecta of large frequencies of 
exposure, on duration of exposure, on interexposure intervals, and on many - 
other similar parameters of mere exposure" (Zajonc, 1968, pp. 2-24) 
To this list one might add type of exposure, variation in frequencies at 
the low end of the scale, and, so it would scem, the age of the S. 

It is probably worth noting that the theorizing and animal date 
provided by Fowler (1967) also conflict with the Zajone thesis 
Fowler suggests that familiar stimuli are tedium producers, whereas 
change within certain boundary conditions constitutes а reit- 


better with the notions of Fowler than with those of Zajonc. 
Jur wih е notions of Fowler than with those of Zajone. а 


value (€ = 400) obtained in the main experiment. However, the recall score muti 
is significantly greater than would be expected by chance (= 430, d/ = 24, < 
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for Investigations of Size Conservation, 


The Relevance of an Adequate Concept of "Bigger" 


Казат A. LUMSDEN 
Unley of North Corolina at Greensboro 


A Methodological Critique 
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multidimensional concept of “bigger.” It is hypothesized that to the 
extent that the training is effective there will be a higher incidence of 
size-conserving responses in this group than in the untrained group, 
Since we are not taking the position that an adequate concept of “bigger” 
is the only condition necessary for the expression of size conservation in 
this situation, there may well be those who do evidence an adequate 
concept but fail to evidence size conservation, Presumably this condition 
would be more prevalent among the younger Ss, 


METHOD 
Subjects, The Ss were 40 children ranging in age from 5% to 7% 
years: 20 were kindergarten pupils from 516 to 6% years of age and 
20 were first-grade pupils ranging in age from 64% to 744 years, As the 


and the older group were equally represented in both conditions and that 
both sexes were equally represented in both conditions within each age 
group. Proceeding in this manner, the experimental group consisted of 
20 children, 10 ranging from the ages of 515 to 6% years and 10 ranging 
from the ages of 6% to 744 years. The same is true for the control group. 
Training stimuli and apparatus. In the attempt to expedite experi- 
mentally the development of an adequate concept of “bigger” with the 
experimental Ss, 19 gray wooden blocks were utilized ranging in volume 
36 cubic inches. These blocks were presented to individual Se 
in pairs on а turntable situated directly in front of the subjects. The 
turntable was electrically controlled by an automatic timer whieh 
allowed it to make one-half of a revolution, requiring 14 seconds. The 
Presentation schedule provided for each pair of objects to be presented 
twice; when a pair appeared again, laterality was reversed. 
For the control group, a tachistoscope, Model D-0950 produced by 
Polymetrie Products was used in an object-recognition task involving 
six white wooden blocks of equal height and volume, differing consider- 


A penny-dispensing device was constructed and utilized as а means of 
providing reinforcement for the responses of both the experimental and 
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with the child and at the same time allow the 8 to see how many pennies 
he had "won" at any point of the training session or the object- 
recognition task. 

Procedure. Training of experimental Ss: ‘The instructions to each of 


the experimental Ss were: 


open the door (E pointed to the sliding door in front of the turn- 
table) you will see two blocks going pese mem de - 
like a record player, When they stop you 

pick up the bigger wooden block and push it through the hole in the 
box (Е pointed to the hole in the front of the panel to the left of 
the turntable), But first, in talking about wooden blocks, “bigger” 
means the block that has the most wood in it, The “bigger” wooden 
blocks will not always be the “taller” Ы They will not always 
be the “fatter” block, Sometimes the bigger block will be the taller, 


sometimes it will be the shorter, But always the bigger block is 
one with the most wood in it. That's what “bigger” means when 
talk about wooden blocks, Instructions regarding the 
ing device were read at this point. Every time you are 
give me the block that is really the bigger one, you will win 
(E activated dispenser lever and a penny rolled down the 
Every time you are right you get à penny 

dispenser lever again) . . . but every time you 
а penny (E activated the subtraction lever and 
S's view) every time you are wrong, you 
activated subtraction lever again). 


The training consisted of four progressive sages, requiring B 
criterion be met at each of the first three phases before progressing to 
the next. From Phase I through Phase IV, the райт of blocks кезш 
increasingly more similar in volume until at Phase IV some 
utilized of equal volume. The volumetric ratios of the pairs by me" 
as follows: Phase I, 1:3; Phase II, 1:2; Phase III, 2:8; add» 
and 1:1. Phases 1, 11, and Ш involved the usage of eight paire 
presented twice in two different sequences; laterality was — hd 
the second presentation. Thirteen pairs of blacks were utiligi in Pil 
IV, six pairs having а volumetric ratio of 2:3 randomly r3 
with seven pairs of blocks of equal volume but ата aper 
mensions. Throughout all of the training, the smaller pairs of 
than the larger block as often as the obverse. The equal rotors big, 
Phase IV consisted of blocks of different height. In perme 
per se, was rendered irrelevant to an accurate judgment $ 
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the difference in the incidence of conserving responses between our ex» 
perimental and control groups since, as would be expected from the 
nature of the training of the experimental Ss, four experimental Ss gave 
this unacceptable rationale whereas only two control Ss did so. Further. 
more, had we not exeluded compensatory rationales from those counted 
as conserving responses, we would have been at least partially vulnerable 
to the criticism that the training of the experimental Ss simply served 
to create а set for à multidimensional analysis of the terminal dimensions 
of the objects of the size-conservation task. This training was not basie 
to either of the rationales which we accepted as evidencing size eot 
servation, We submit that the training experience is relevant only to a 
full understanding of the conservation question.” 
Assessment of the concept of “bigger.” It was desirable to have knowl 
edge of the adequacy of the concept of “bigger” of control Ss as well as 
Ss. (It seemed judicious to test the concept after the 
conservation task lest we call attention to Verticality.) For this purpose 
was utilized which had been employed in Phase ТУ, 
blocks had a volumetric ratio of 2:3. The larger block was of 
height than the smaller. This test was conducted in the same 
training of the experimental Ss. Data wore obtained 
Se and compared with the data obtained 
pair of blocks when it had appeared 


RESULTS 
The Fisher Exact Probability Test (Hayes, 1963) was utilized in all 
of the data of this investigation. However, 
the probabilities will simply be reported in terms of their relation to the 


401 level. Analysing the data of the 54%-614-year-old Se of both groups 
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experimental and control groups, respectively. Such Ss are further dj 
vided in these figures according to whether they also evidenced 
conseryation. 

Relation of training to incidence of size-conserving responses, 1 
differenees between the experimental and control Ss in frequency 0 
size-conserving responses was significant beyond the .01 level. Whey 
analyzed separately, the difference between the 51%4-61/4-year-old Ss wa 
not statistically significant although the difference between the older 
Ss was significant beyond the .01 level. 

Relation of age to incidence of size-conserving responses. The fre 
quency with which size conservation was indicated by the 515-615-: 
old Ss of both groups was compared with à 
year-old Ss of both groups. The difference was significant beyond the 0 
level. Figures 1 and 2 display the eumulative frequency of Ss evideneing 
size conservation with increasing age for the experimental and contro, 
groups, respectively. Figure 1 permits the observation that in the | 
perimental group size conservation is expressed by Ss as young as 6 
years of age and is evident at each successive age thereafter, On 
other hand, Figure 2 indicates that the singular instance of size conser- 
vation in the control group does not appear until after 7 years of age 
It should be acknowledged at this point that this control S did 
evidence an adequate concept of “bigger” in the test following the co 
servation problem, a situation inconsistent with the hypothesis, Sim 
in response to the conservation inquiry, this S gave a compensatory 
explanation as well as a logical-necessity rationale, one is tempted to 
conjecture that this S actually had a multidimensional concept of “big- 
ger” but simply made an error of volumetric judgment between the 
differently shaped test objects utilized in the test of that concept 
Including this discrepant result, a comparison of the frequency of size- 
conserving responses given by all Ss of the experimental and control 


Ê case, when taken at face value, stand 
аз a rather weighty exception to this statistically significant relationship. 


DISCUSSION 

It seems clear that the training did affect the difference between the 
experimental and control Ss in regard to the adequacy of their concept 
of “bigger” that was necessary to test the hypothesis. It appears, further 
more, that this training affected а significant increase in the incidence 
of size conservation in response to the question “Is one bigger than the 
other?” However, this training seemed to facilitate the expression of 
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eonservation for the older group only. This finding is, of course, con- 
sistent with our position that an adequate concept of “bigger” is a 
necessary but not sufficient, condition for the manifestation of size con- 
servation in this experimental condition. 

Several investigators of size conservation have asked questions other 
than “1з one bigger than the other?" and, therefore, their data are not 
confounded with the adequacy of the concept of “bigger.” Nevertheless, 
as Braine and Shanks (1965) have pointed out, those questions are still 
ambiguous in that some Ss may approach the task with a phenomeno- 
logical set while others may take a more objective set. The fact that 
Braine and Shanks deliberately induce an objective set in their Ss ac- 
counts, in part, for their Ss expressing size conservation at an earlier 
age than the Ss of those investigators who have not addressed themselves 
to this matter. (Gruen, 1966, has emphasized that an additional reason 
for this discrepancy in age of attaining conservation is that Braine and 
Shanks do not require logical explanations in addition to correct re- 
sponses to the initial conservation question as do the Piagetian investi- 
gators.) In addition to the point made by Braine and Shanks, our data 
emphasize that in order to reduce the variance among the data of future 
investigations of size conservation and thus permit more meaningful 
comparison with the other instances of conservation of amount as well 
as conservation of weight and volume, it is mandatory that the size 
conservation question be completely free of propaedeutie concepts not 
yet attained by the youngest of the Ss to whom the question is addressed. 
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Partial Reward and Double Alternation 
Learning in Children! 


PETER WATSON 
Trent University 


The effects of partial reward on double alternation (DA) learning in 
Grade II children were investigated in two experiments, In the first, Ss at- 
tempted to learn the DA problem under conditions of 50 and 100% social 
reward for correct responses. Although reward schedule did nof. affect the 
rate of learning, it did affect the number of Ss who learned; · 'gnificantly 
more Ss solved the problem under 50% reward than under 100% reward, 
In the second experiment, all Ss attempted to learn the DA problem under 
50% reward conditions after either success or failure pretraining. Pretraining 
did not affect the number of Ss who learned; however, the success- 
pretraining Ss who learned did so significantly more rapidly than those 88 
who learned following failure pretraining, The results were interpreted in 
terms of frustration resulting from nonattainment of expected social reward; 
efficiency in solving the DA problem was seen to be a joint function of in- 
dividual differences in reaction to frustration and the particular structure 
of the DA problem. 


A number of recent studies with young children (e.g., Bruning, 1964; 
Pederson, 1967; Ryan and Watson, 1966; Watson, 1968) have demon- 
strated that partial reinforcement (e.g., 50%) for a simple instrumental 
motor response leads to faster performance than is the ense when con- 
tinuous reinforcement, (100%) is given, Ryan and Watson (1968) have 
attributed these findings to frustration resulting from nonattainment of 
ап expected reward, According to this frustrative-nonreward hypothesis 
(Amsel, 1958; see also Spence, 1960, Chap. 6), nonattainment of an ex- 
pected reward leads to frustration, an aversive emotional condition which 
contributes to drive level and also possesses cue properties. The increment 
in motivation in Ss experiencing nonreward enhances their performance 
relative to that of Ss who never experience nonreward; i.e., those pers 
forming under 100% reward conditions, provided that the correct in- 
strumental response is dominant, 

While the bulk of evidence obtained thus far indicates that the frus- 


‘This work was supported in part by National Research Council of Canada Grant 
No. АРА-250, The author is grateful to the Board of Education of the City of 
Peterborough for its co-operation, and to Mrs. Teresa Kinnear and Mr. Martyn 
Thomas, who served as Es in Exps. I and II, respectively. Thanks are also due to. 
Dr. T. J. Ryan for his criticisms of a prepublication draft. 
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trative-nonreward hypothesis can account for children's behavior in very 
simple performance situations involving nonreward, little research has 
been directed toward the question of its applicability to more complex 
situation. Two studies (Lobb, 1966; Riese and Lobb, 1967) have found that 
discrimination learning is facilitated by pretraining in which extra non- 
reinforcements are given to the negative stimulus; this facilitative effect 
is greater than that resulting from pretraining in which extra rewards are 
given to the positive stimulus. In terms of the frustrative-nonreward hy- 
pothesis, nonreward evokes frustration which in pretraining becomes соп- 
ditioned to the negative stimulus, producing an avoidance tendency whieh 
generalizes to the subsequent discrimination learning situation, 

This brief and sclective survey of the literature pertaining to frustrative 
nonreward in children suggests, then, that frustration has both ener- 
gizing and directive functions, The studies reviewed also contain the sug- 
gestion that as the complexity of the task increases, the relative impor- 
tance of the energizing and the directive functions may change, #0 that 
the cue properties of frustration may become somewhat more important 
as the task becomes more difficult or complex. The aim of the present 
study was to investigate the effects of partial reward for correct responses 
on children’s double alternation (DA) learning, & relatively complex 
form of learning. DA learning, since its initial use by Hunter (1920), has 
been recognized as a prototype of processes often designated as 
behavior, cognitive functioning, or reasoning, According to Hodges 
(1956, p. 59), the subject “must respond in terms of temporal relations 
under conditions where no differential sensory cues exist,” Several in- 
ee (Gellerman, 1931; Hodges, 1954, 1956; Hunter and Bartlett, 

8) have reported moderately high correlations between 
or mental age or both and the ability to solve the DA problem. И, as 
seems likely, DA learning involves а process or processes which may 
properly be described as cognitive, the use of DA learning may Ко, 
valuable in investigating the effects of frustrative nonreward on 


dren's complex behavior. 


EXPERIMENT I 
The specific aim of Exp. I was to determine the effects of re 

schedule (50 vs. 100%) on DA learning in Grade IT 
Problem in a study of this type (see Osler рад 
ensuring that, schedule-of-reward effects are 
mation feedback; i.e., that groups receiving different e — 
Ward receive equal amounts of information concerning 100) received 
9r incorrectness of their responses. One group of Se (Group 


i tion. 
continuous social reward for correct responses in the DA situation, 
another group (Group 50) was rewarded for a random half of their cor- 
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rect, responses; knowledge of results was provided on all trials for all А 
It was expected, on the basis of the frustrative-nonreward hypothesi 
that the use of random partial reward in Group 50 would produce a som 

what higher motivational level than was the case for Group 100; in ad 
dition, Group 50 would be performing in the presence of whatever dire 

tive cues were associated with the nonreward-produced frustration. Th 
unknown nature and effects of these cues precluded any prediction re 
garding them, but necessitated examination of the response-by-respon 

behavior of the Ss, since their effects would presumably depend on the @ 
position in the DA sequence. The expected effects of increased motivatio 

on Group 50 relative to Group 100 were also unclear. On one hand, im 
creases in motivation might be expected to facilitate performance. On tht 
other hand, assuming the validity of an inverted-U-shaped relationship 
between arousal level and performance (Bindra, 1959; Malmo, 1959, 
Spence, 1956) too great an increment in motivation might be expected ё 
interfere with performance on this complex task (see Yerkes and Dodson 
1908). Because of these considerations, no specific predictions were mad 
concerning the outcome. 


Method 


Subjects. Fifteen male and twenty-five female Grade IT children se ed 
as Ss, They were assigned randomly to two groups: Group 50, composed 
of 7 males and 13 females (mean аре = 92.2 months), and Group 100; 
composed of 8 males and 12 females (mean age = 89.2 months). | 

Materials and Procedure. 'The experimental task was a modification of 
the Double Alternation Card Test as used by Hodges (1954, 1956). The 
Ss were brought individually to the testing room and seated facing the 
E with a table between them. The E then dealt two ordinary playing 
cards, one red and one black, face up on the table, and said: 


“See, this card is red, and this one is black. Now, Ill turn them 
over, and you pick out the red one. Just pick out one of the 
cards.” 


If S failed to pick the red card, he was discarded and another S was ob- 
tained. If he was successful, E proceeded with the experiment, giving th 
following instructions: 


"Now, from now on, I won't show you which card is red. You'll 
have to guess which one it is, There is a way to be right all the 
time; let's see if you can find the way to be right every time. 
Remember, just pick one card, and see whether you're right or 
wrong." 
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Cards were then dealt out face down two at a time, one red and one 
black. The double alternation sequence was such that the red card was 
on the right twice and then on the left twice (RRLL), On each presen- 
tation of a pair of cards, S responded by choosing one. Each trial con- 
sisted of one RRLL sequence (four responses), and the procedure was 
continued either until 25 trials (100 responses) had been given or until 
5 obtained two successive correct trials. The interresponse interval was 
about 8 seconds. New cards were employed after every two trials, in order 
to minimize the possibility that Ss would learn to identify the correct 
card on the basis of accidental marks on the backs of the cards. 

Ss in Group 100 were socially rewarded (“Good”) immediately after 
each correct response, while Ss in Group 50 were socially rewarded on half 
of their correct responses. Arrangement of rewards and nonrewards for 
Group 50 was according to a pre-arranged random schedule, The Æ was 
silent after all incorrect responses for both groups. Since S's response in- 
dieated to him whether he was right or wrong, the groups were equated 
in terms of knowledge of results, After each 8 had either achieved the 
criterion for learning or received 25 trials, he was questioned to determine 
whether he could verbalize the principle of solution, told he had done 
very well, and taken back to the classroom. A record of each response— 
whether it was correct, and if correct, whether it was rewarded—was 
kept for each S. 


Results 


Table 1 presents the number of Ss who learned within 25 trials and 
the number who failed to learn, in Group 50 and Group 100, as well ая 
the mean number of trials to criterion for each group. It will be noted 


TABLE 1 
Хомвен or Ss Мно LEARNED AND FAILED TO LEARN, AND MEANS AND 


"Trials to eriterion* 
Group Learners Nonlearners x 8р Ач 
Seal ke ا‎ et 
50 14 6 13.6 9.5 
100 7 13 19.4 »t 


DS o 


* Assuming 25 trials to criterion for nonlearners. 


that 14 Ss in Group 50 learned, compared with half at aber for 
Group 100 (x? = 491; df = 1; oe 105). Thus, it NONO UM giving 
random partial reward for correct responses facilitated 
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relative to the case where all correct responses were rewarded. This dif- 
ference is also reflected in the mean trials to criterion for each group as 
a whole, where the Group 50 mean was significantly lower than that for 
Group 100 (F = 481; df = 1,38, р < .05). These results do not, how- 
ever, imply that Ss who solved the DA problem under 50% reward did 
so more quickly than those who learned under 100% reward; when 
learners only were considered, analysis of trials to criterion indicated no 
significant difference (F = .01; df = 1,19) between Group 50 (n = 14; 
X = 88; SD = 6.8) and Group 100 (n =7; € —92; SD = 56). 

In order to determine why 50% reward facilitates DA learning, the 
data of Group 50° were subjected to a response-by-response analysis, 
Under the 50% reward condition, three outcomes of a response were pos- 
sible: The response could be incorrect (I); it could be correct and rè 
warded (C-R); or it could be correct but not rewarded (C-NR). Since 


each of these outcomes could affect subsequent responses, their effecta - 


should be reflected in tendencies to “stay” or “shift,” depending on 
whether 8 tends to repeat his previous response or not. Most previous in- 


vestigations which have employed this line of reasoning (e.g, Rieber, - 


1966) have considered only the first response following a particular оше 
come, Because of the repetitive nature of the DA problem sequence, it is 
essential, in a response-by-response analysis, to consider S's position in 
the sequence. The use of groups of three successive responses (LRR, 
LLR, RLL, or RRL), rather than two successive responses as used by 
Rieber (1966), is necessary and sufficient to establish S's position at any 
point in the DA sequence. In the present study, both the first and second 
responses following each type of outcome were examined. For example, 
^ response sequence "right" (C-NR), “left,” “right,” would be classified 
as а “shift” on the first response following the correct nonrewarded re- 
sponse, and а "stay" on the second response following. All responses х= 
cept the last two prior to attaining criterion (or, in the case of non- 
learners, responses 99 and 100) were tabulated according to this system. 
Following this, “shift ratios” were calculated for each type of outcome 
for each 8; each shift ratio is the proportion of “shift” responses to the 
total number ("shift" plus “stay”) of responses for each type of out- 
come, Ss were then divided into subgroups of fast learners (FL: n = 8), 
slow learners (SL: n = 5), and nonlearners (NL: n = 6); an arbitrary 
cut-off point of 10 trials to criterion was used to differentiate the FL and 
SL subgroups. After testing to ensure that variances were homogeneous 
within each type of response outcome, simple-randomized analyses of 
variance were used to test the significance of the differences among 


"With the exception of one S who solved the problem in one trial. This 8 "* 
exeluded because of insufficient data for use in а response-by-response analysis. 
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FL, SL, and NL subgroups for each response outeome. An insufficient 
number of Ss who learned in Group 100 prevented a similar breakdown 
and analysis of the response data for that group, Table 2 presents the 
shift ratio data for each subgroup of Group 50, as a function of type of 
response outcome, and the results of the analyses of variance, 

The resuii. of the analyses indicate that the three subgroups differ 
significantly only with regard to the second response following C-NR, а 
correct but nonrewarded response, Ss who solve the DA problem in 10 
trials or less show a strong tendency to shift two responses after being 
nonrewarded (X = .79), while Ss who solve the problem slowly or not at 
all show little tendency in either direction, 


TABLE 2 1 
Ёшүт Капо Data коң FL, SL, лхо NL Sunanourm or Guour 00 as a 
FUNCTION OF RESPONSE OUTCOME 


Virst response following: Second response following: 
CR CNR 1 са GNI 1 
mu >... Ain 
Subgroup n X sp X Sp £ SD $ BD Ж BO X BD 
FL в 53 .35 юж ио в чын 
SL 5 .58 .40 .07 35 .00 о он оанаи 
NL 6 53 .25 61 в 67 6 ии ы итш 
F-ratio 17 AS .80 2.01 Tw EJ 


——  _ _  - _+<_-—--.. 
* df = 2,10; p < .05. 


The final question of interest with regard to the results of Exp. 1 ro- 


of either Group 50 or Group 100. Among the learners, verbalitation oe» 
curred in less than 30% of the Ss: in Group 50, four 

Able to verbalize the correct solution, while two of seven learners in Group 
100 stated the solution correctly, It is obvious that reward schedule 
not affect ability to verbalize the correct solution of the DA problem 
Once it had been solved. i 


Discussion 


The results of Exp. T indicate that DA problem solution in Grade " 
fhildren is facilitated by giving partial reward for correct — 
schedule of reward had no effect on the ability to verbalize the imt 
the solution, Analysis of the response-by-responee data suggests 
*uch facilitation may be related to Se’ reactions to the various response 
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outcomes involved in the partial-reward situation. Of the three types 
response outcomes, both correct nonrewarded (C-NR) responses and j 
correct (I) responses may be conceived of as eliciting frustration, Int 
first case, S has learned to expect reward for making the correct respo 
and frustration occurs when reward is withheld. In the second саве, § 
making a response expects that it will be correct? and rewarded; am 
correct response diseonfirms that expectancy. Some theorists (c.g., Nutti 
1968) argue strongly for a clear conceptual distinction between re In 
nonreward and success-failure. The probable involvement of dise 
firmation of an expectancy of reward in both cases outlined here imp 
that a complete distinction may be at least partially invalid. It is po 
sible, of course, that a distinction in terms of the strength of frustrati 
resulting from the two operations may be necessary; it could be assum 
for example, that failure-produced frustration is stronger than f 
tion resulting from nonreward. 

To the extent that a tendency to shift reflects the operation of a fri 
tration-produced avoidance reaction, the relatively high shift ratio 
the FL, SL, and NL subgroups of Group 50 on the first response followii 
an incorrect response—shift, ratios ranging from .60 to .67—suggest Й 
all types of Ss experienced an incorrect outcome—" failure" in Ni 
(1968) terms—as frustrating, and that this type of frustration was elicit 
quite rapidly. The relatively lower shift ratios two responses after | 
incorrect response—ranging from .47 to .53—indicated an equally rapi 
‘lissipation of this type of frustration for all three subgroups. 

For correct, nonrewarded responses, the other source of frustration 
the partial-reward situation, only the FL subgroup demonstrated 
avoidance tendency; this was apparent primarily on the second respon 
following the correct nonrewarded response, It may be postulated i 
these observations that, while frustration resulting from ап incoi 
response evokes a short-lived avoidance tendency in most Ss, a relative 
longer-lasting avoidance tendeney is evoked in some Ss by nonattainm 
of an expected social reward, and not at all in others. That reactivity 
nonreward is characteristic of Ss who solve the DA problem quickly 

clear; less obvious is the nature of the relationship between problem 
solving efficiency and susceptibility to frustrative nonreward. 

Two possibilities seem open. The first is that fast learners are disti 
guishable from slow learners and nonlearners by an intellectual f 
they may solve the DA problem faster because of their greater capacit 
for cognitive manipulation, greater memory span, etc. Because these 


* Assuming of course that any given response does not serve solely informatiol 
gathering purposes, 
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are more capable, the argument would run, they have a higher 
taney for success, and for praise, than is the ease for other Ss, and 
nonattainment of the expected social reward should be relatively 
frustrating and should produce a stronger avoidance tendency. This 
argument in essence treats the strong shift tendeney of the FL subgroup 
as a more or less irrelevant by-product of their problem-solving skill. 

Two facts tend to disconfirm this hypothesis, First, attribution of 
ability to solve the DA problem rapidly to inherent intellectual superi- 
ority, besides begging the question, implies that partial reward does not 
affect problem-solving efficiency, and that both Group 100 and Group 50 
should contain roughly the same proportion of learners and nonlearners. 
Second, the argument implies that fast learners should demonstrate 
greater avoidance tendencies than other Ss following incorrect as well as 
correct but nonrewarded responses, The data fail to support either 
implication. 

The second possibility is the obverse of the first; ie, rather than skill 
in problem-solving producing susceptibility to frustrative nonreward, sus- 
ceptibility to frustrative nonreward may produce an apparent problem- 
solving skill. To clarify this point, it is necessary to examine the structure 
of the DA problem, In an extended DA sequence (0.6, RRLLRRLL), а 
variety of rules or strategies сап be devised whieh will predict the eor 
reet. response (R or L) on any given presentation of the two stimuli. 
These strategies employ the correctness or incorrectness and position of 
the two responses preceding the response to be predicted, It can be shown, 
however, that the most simple strategy, which subsumes all others, eon- 
sists of two rules: (a) If the nth response was correct, "shift" on 
nth +2 response; (b) if the nth response was incorrect, “atay” on 
nth -+ 2 response. It should be noted that this is a logical ax opposed to 
psychological strategy, involving only the question of repeating or 
changing the second response after a given response outcome; according 
to the logic of this strategy, the response immediately following а хен 
outcome is irrelevant if these rules are employed, It follows ае 
considerations that DA learning will be facilitated by anything oak 
arouse tendencies either to shift two responses after being зене 
stay two responses after being incorrect. In thia present niri 
pears possible that the elicitation of а “DA pate 
tendency in some Ss may have essentially forced these Se us failure 
зз of responding—a conclusion supported to some extent by 
of partial reward to produce increased ability 
lution among those hi who learned. Other Ss, who were not frustrated by 
honattainment of the expected reward, would then 
relatively slowly or not at all, 


if 
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EXPERIMENT II \ 


The results of Exp. I indicate that partial reward for correct responses 
facilitates DA learning in some children, and suggest that the facilitative 
effect is due to a relatively long-lasting avoidance response produced by 
nonreward. Experiment II was designed to manipulate the strength of 
frustration resulting from nonreward and failure, by means of success 
and failure pretraining. It was assumed (see Cromwell, 1963) that prior 
experience of success in a situation similar to the DA situation would in- 
crease Ss’ expectancy of success and social reward in the subsequent DA 
learning task. Nonreward would then elicit stronger frustra tion, a greater _ 
avoidance tendency two responses after a correct nonrewarded response, 
and relatively high efficiency in solving the DA problem. Conversely, 
prior failure experience should result in a lower expectancy of success 
and reward, weaker frustration resulting from nonreward, and relatively 
low problem-solving efficiency. 


Method 


Subjects. Ss were 25 male and 15 female Grade IT students assigned 
randomly to two experimental groups. The “success” group (Group 8) 
consisted of 12 males and 8 females (mean age = 93.0 months), while 
the “failure” group (Group F) consisted of 13 males and 7 females 
(mean age = 91.8 months). 


Materials and Procedure. With the exception of the pretraining phase 
of the experiment, the procedure was identical to that employed with 
Group 50 of Exp. I. The pretraining phase was conducted as follows. After 
giving the instructions in which S was informed that his task was to pick 
out the red card, E gave two trials (eight responses) using cards of only 
one colour. For Group 8, red cards were employed while Group F were 
dealt only black cards. Thus, Group S made eight “correct” responses; | 
while Group F made eight “incorrect” responses. All Group S responses 
were socially rewarded, while Group F responses were never rewarded. 
Following completion of the eight pretraining responses, Æ said: 


` "Now we'll {гу a different one. Remember, there's a way to find 
the red card every time." 


E then proceeded to administer DA trials until а criterion of two doa 
secutive correct trials had been achieved or until 25 trials had been given. 
For all Ss in both groups, correct responses were socially rewarded on 4 


ن 
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TABLE 3 
NUMBER or FL, SL AND NL Ss IN Gnours 8 Амр F 
FL SL (Total L) NL 
Group S 9 1 (10) 10 
Group F 3 (8) 12 
Total 12 6 (18) 22 


prearranged random 5046 schedule. No attempt was made to determine 
whether Ss could verbalize the correct solution to the DA problem. 


Results and Discussion 


The Ss of Exp. II were classified as fast learners (FL), slow learners 
(SL), or nonlearners (NL) according to the same criteria used in Exp. I. 
The number of Ss in the FL, SL, and NL subgroups of Group S and 
Group F are presented in Table 3. The first test was performed on the 
number of Ss who learned (FL plus SL) and who failed to learn (NL) 
in the two groups; no significant difference between Group S and Group 
F was found (X? = .40; df = 1). The groups appeared to differ, how- 
ever, with regard to the relative sizes of the FL and SL subgroups. Be- 
cause of the small cell frequencies involved in this comparison, the Fisher 
exact probability test (Ferguson, 1959, pp. 173-174) was used to assess 
the difference. An obtained exact probability of .0316 indicated that the 
groups differed with regard to their relative proportions of fast and slow 
learners. This difference is also reflected in the mean trials to criterion of 
both the total groups and of just the learners within each group (Table 
4). In both cases, the mean trials to criterion is lower for Group 8 than 


TABLE 4 
Mean NUMBER or TRIALS TO ORrrERION FOR GROUPS S anp F 
Learners only All subjects 
o: ae с; 
п X SD n X SD 
Group 8 10 6.4 4.0 20 15.7 10.0 
Group F 8 12.5 5.4 20 20.0 10.0 


for Group F; the difference is significant only when just those who 


learned are considered (F = 5.30; df = 1,16; < 05). b 
"These results suggest that while pretraining does not affect the number 
of Ss who learn or fail to learn, it does affect the speed of learning. Ss 
Who solve the DA problem after success pretraining do so mor e rapidly 
than those who solve it after failure pretraining. Tf the assumption that 
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the type of pretraining experience influences Ss' expectancy of reward is 
valid, it follows from the frustrative-nonreward hypothesis that Ss who 
are given suecess pretraining should subsequently experience stronger 
frustration in the partially rewarded DA learning situation than is the 
case for Ss given failure pretraining. Thus, it appears that speed of prob- 
lem solution is a function of the strength of the nonreward-produced 
frustration involved in the problem situation. 

Shift ratios for each type of response outcome were calculated for each 
S following the method specified in Exp. I. Because of the small number 
of Ss in some of the FL and SL categories of Groups S and F, the two 
groups were combined in order to analyze for differences among FL, SL, 
and NL subgroups. The mean shift ratios of the three subgroups are 
presented in Table 5. : : 


TABLE 5 
Sur Като Dara ror FL, SL, лхо NL SUBGROUPS or GROUPS 8 AND Е 
COMBINED, as A FUNCTION or RESPONSE OUTCOME 


First response following: Second response following: 


C-R C-NR I C-R C-NR I 


Subgroup n X SD X SD X SD X SD X SD X SD 


FL 12.70 .37 .64 .36 .72 .35 .50 .35 69 .32 .43 .20 
SL 6 145 128 .47 24 .71 36 .60 .30 .57 .32 .51 .25 
NL 22 60 .20 .56 .24 69 .25 .48 .14 49 17 46 17 


Ec шла e лана... с uf 


Because of marked heterogeneity of variance in the shift ratio data on 
the first and second response following C-R and on the second response 
following C-NR, differences among the FL, SL, and NL subgroups on 
these three types of response outcomes were assessed by means of median 
tests (Ferguson, 1959, p. 267). The remaining differences were assessed 
by means of simple-randomized analyses of variance. Table 6 presents 
the results of the tests of homogeneity, along with the results of the ap- 
propriate tests of significance among the FL, SL, and NL subgroups. 

Of the six tests, only that for the second response following a correct 
nonrewarded response was significant. The FL subgroup mean was rela- 
tively high, while those of the SL and NL subgroups were lower. The 
general similarity of these results to the corresponding results of Exp. 1 
should be noted, particularly the high shift ratios of the FL subgroup for 
the second response following a nonrewarded correct response, and the 
high shift ratios of all subgroups immediately following an incorrect 
response. 
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TABLE 6 
RESULTS OF Fmax TESTS, ANALYSES OF VARIANCE, AND MEDIAN TESTS FOR 
FL, SL, лхо NL SUBGROUPS or Groups 8 AND Е COMBINED, AS А 
Function OF RESPONSE OUTCOME 


V 


First response following: Second response following: 
C-R C-NR I CR C-NR I 
Fuss 3.50 2.16 2.16 6.00 3.33 2.00 
df 11,21 11,21 4,21 11,21 11,21 4,21 
p .01 n.s. ns. .01 .01 n.s. 
Analysis of — 1.20 .25 — — .50 
variance (F) 
Median test (X?) 3.81 = A 2.30 6.21° = 
adf = 2; p < .05. 


GENERAL DISCUSSION 


The results of the two experiments indicate that while schedule of re- 
ward affects the number of Ss who solve the DA problem but not the 
speed with which it is solved, pretraining designed to manipulate Ss’ ex- 
pectancy of success and failure affects the speed with which it is solved 
but not the number of Ss who solve it. Thus, in terms of the frustrative- 
nonreward hypothesis (Amsel, 1958), it may be that for some Ss the mere 
presence or absence of frustrative nonreward determines whether or not 
the solution will occur, while the strength of nonreward-produced frus- 
tration determines the rate of solution. This latter conclusion is further 
illustrated when the results of Exp. II are compared with those of Group 
50 in Exp. I. It may be seen, first, that success pretraining did not in- 
Crease the number of Ss who solved the problem relative to Group 50 in 
Exp. I, which was essentially a no-pretraining group. The mean trials to 
criterion for Group S of the present experiment (X = 64) D however, 
somewhat lower than that for Group 50 of the previous experiment (Х = 
88). Because of the dangers inherent in interexperimental comparisons, 
More research is needed before placing too much emphasis on this point. 

The data also indicate that solution of the DA problem is related to 
the specific action of nonreward two responses after the frustrating event. 
A conclusion that partial reward will facilitate any type of complex pat- 

- tern learning seems unwarranted at the present time, because the present 
Tesults rest on a particular combination of individual reactions to non- 
Teward and the specific structure of the DA problem. Different prob- 
lems—for example, triple alternation—might give entirely different re- 
Sults. Since in the case of triple alternation the optimum response strategy 
18 to "shift" three responses after a correct response and to "stay" three 


-— . 
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responses after an incorrect response, it might be expected that partial 
reward would facilitate triple alternation learning only for Ss who ex- 
hibit an extremely long-lasting avoidance response to frustration; for 
Ss who show a brief response to frustration, partial reward should have 
little effect, on their ability to solve the triple alternation problem. 

The present studies were conceived and are interpreted within the 
framework of Amsel's (1958) hypothesis of frustrative nonreward. While 
alternative interpretations based on associative or motivational factors 
other than frustration might be advanced to account for the obtained 
results, the form such alternatives would take is not particularly clear, 
What is clear is that any interpretation of these results will have to take 
into account the crucial role of individual differences in reaction to non- 
reward. The current status of most hypotheses of psychologieal fune- 
tioning, ineluding the one employed here, is such that individual differ- 
ences are usually regarded as a source of error to be minimized or 
eliminated. The present results suggest the need not necessarily to elimin- 
ate but to predict and employ individual differences in the design of 
learning tasks. 

The above statements imply that it may be possible to predict whether 
or not partial reward will facilitate learning if the individual’s particular 
response to frustration produced by nonreward or failure is known, and 
if the problem is or can be structured to take advantage of this response. 
Presumably, the question of an individual’s particular response to frus- 
tration can be settled by means of techniques such as the ones used in 
this study, or perhaps by more direct measures ineluding physiological 
ones. The task of creating an optimum structure for a problem which 
must be learned is probably more difficult, especially as the type of prob- 
lem increases in complexity. For example, a problem with a relatively 
simple structure, such as the DA problem (RRLL), would be much 
easier to make predictions for than would a similar problem with a more 
complex inherent structure (eg. RLLRRL). Finally, it may be ex- 
tremely difficult to impose a structure on a very large number of learning 
problems which an individual encounters outside the laboratory; al- 
though the difficulties may be enormous, the returns from such an effort 
may ultimately prove of great value for increasing learning efficiency. 


REFERENCES 


AMsSEL, A. The role of frustrative nonreward in noncontinuous reward situations. 
Psychological Bulletin, 1958, 55, 102-119. 


Brnpra, D. Motivation: A systematic reinterpretation. New York: Ronald Press, 
1959. 


Brunine, J. L. The effects of magnitude of reward and percentage of reinforcement 
on a lever-movement response,- Child Development, 1964, 35, 281-985. 


L 


| 
| 


PARTIAL REWARD ON DA LEARNING 105 


CnowwELL, В. L, A social learning approach to mental retardation. In N. R. Ellis 
(Ed) Handbook of Mental Retardation. New York: McGraw-Hill, 1963. 

Furauson, С. A. Statistical Analysis in Psychology and Education. New York: 
McGraw-Hill, 1959. 

GrutERMAN, L. W. The double alternation problem: II. The behavior of children 
and human adults in а double alternation temporal maze. Journal of Genetic 
Psychology, 1931, 39, 197-226. 

Honors, A. A developmental study of symbolic behavior. Child Development, 1954, 
25, 277-280. 

Hopers, A. Double alternation: a measure of intelligence. Journal of Consulting 
Psychology, 1956, 20, 59-62. 

Hunter, W. S. The temporal maze and kinesthetic sensory processes in the white 
rat, Psychobiology, 1920, 2, 1-18. 

Hunrer, W. S., лхо Barrierr, S. C. Double alternation behavior in young children. 
Journal of Experimental Psychology, 1948, 38, 558-567. є 

Loss, Н. О. Visual discrimination learning in imbecile children with nonreinforce- 
ment of irrelevant, tendencies, American Journal of Mental Deficiency, 1066, 70, 
753-762. 

Marmo, R. B. Activation: A neurophysiological dimension. Psychological Review, 
1959, 66, 367-386. 

Nurris, J. Reward and punishment in human learning. New York: Academic Press, 
1968. 

OSLER, SONIA, F., AND SHAPIRO, SANDRA L. Studies in concept attainment: IV. The 
role of partial reinforcement as a function of age and intelligence. Child De- 
velopment, 1964, 35, 623-633. 

Peverson, D. R. Associative vs. motivational interpretations of reward percentage 
effects on children’s performance. Psychonomic Science, 1967, 8, 139-140. 

Riser, M. Response alternation in children under different schedules of reinforce- 
ment. Psychonomic Science, 1966, 4, 149-150. 

Rise, R., anv Loss, Н. О. Discrimination learning in retarded children: Nonreward 
vs. reward. American Journal of Mental Deficiency, 1967, 71, 536-541. 

Ахах, T. J. Instrumental performance as related to several reward schedules and 
age. Journal of Experimental Child Psychology, 1966, 3, 398-404. 

Ryan, T. J., AND Warson, P. Children's response speeds as а function of sex and 
verbal reinforcement schedule. Psychonomic Science, 1966, 6, 271-272. 

Ryan, T. J., anv Warson, P. Frustrative nonreward theory applied to children’s be- 
havior. Psychological Bulletin, 1968, 69, 111-125. qus 

Space, К. W. Behavior Theory and Conditioning. New Haven: Yale University 
Press, 1956. е 

Әриқск, К. W. Behavior Theory and Learning: Selected Papers. Englewood Clifís: 
Prentice-Hall, 1960. 

Warsow, P. Response measure effects in children as a function of type and schedule 
of reward. Psychonomic Science, 1968, 13, 217-218. 2: 

Yerkes, R. M., лхо Dopsox, J. D. The relation of strength of stimulus to rapidity 
of habit-formation, Journal of Comparative and Neurological Psychology, 1908, 
18, 459-482. 


JOURNAL OF EXPERIMENTAL CHILD PSYCHOLOGY 8, 106-117 (1969) 


The Effects of Differential Amounts of Stimulus 
Familiarization on Choice Reaction Time 
Performance in Children! 


FRANK D. MILLER 
University of South Dakota 


Groups of first-grade children were exposed during a familiarization phase 
to 0, 1, 10, 20, or 40 3-second presentations of a red or a green light. On 49 
subsequent choice reaction time trials, the familiarized stimulus (FS) and 
noníamiliarized stimulus (NS) each served as the signal to respond on half 
of the trials and were presented according to one of two Sequences, Both 
Sequences involved 5096 alternation and 50% repetition of the two types 
of stimuli. Release but not travel speeds were sensitive to the effects of 
familiarization, Release speeds were faster to the NS than to the FS for 
Ss given 20 or 40 familiarization exposures but not for those given 0, 1, or 10 
exposures. The magnitude of this effect was comparable for Ss given 20 or 
40 exposures. A change effect (CE) was found for both release and travel 
speeds except in the case of travel speed for Group 0. The CE findings can be 
accounted for by either a stimulus interpretation or a modified response 
interpretation, 


Several investigators have employed a similar two-phase paradigm to 
examine the effects of familiarization on response speeds in children. 
During a familiarization phase, S attends without responding to repeated 
presentations of a stimulus. This phase is followed by a motor task in 
which S responds to the onset of either the familiarized stimulus (FS) or 
а nonfamiliarized stimulus (NS) not presented in familiarization. 

A stimulus familiarization effect (SFE), indicated by faster response 
speeds to the NS than to the FS, has been obtained in all studies for the 
initiation segment of the response (Bogartz and Witte, 1966, Exp. 1; 
Cantor and Cantor, 1964; Cantor and Fenson, 1968; Witte, 1965, 1967; 
Witte and Cantor, 1967) and also in those studies utilizing a composite 


* This study is based on a dissertation submitted in 1966 to the Graduate College 
of the University of Iowa in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy in the Institute of Child Behavior and Development. The 
writer wishes to express his sincere appreciation to Gordon N. Cantor and William 
J. Meyers for their thoughtful direction throughout, the course of the investigation. 
Thanks are also due Gordon N. Cantor for his helpful suggestions regarding the 
manuscript, 
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response measure (Bogartz and Witte, 1966, Exp. 1; Cantor and Cantor, 


тт 


1965, 1966; Miller and Moffat, 1968). The SFE has not been obtained 
for the execution segment of the response except in one study by Witte 
and Cantor (1967) in which Ss responded to stimulus offset rather than 
stimulus onset. 

Two studies have been concerned with the effect of amount of familiar- 
ization on the magnitude of the SFE. Cantor and Cantor (1966) employed 
а composite response measure and found that the magnitude of the SFE 
was comparable for groups given either 5 or 35 3-second familiarization 
exposures. In contrast, Cantor and Fenson (1968) obtained an initiation 
speed SFE for a group of Ss given 18 3-second familiarization exposures 
but not for groups of Ss given 5, 10, 12, 14, or 16 such exposures. This 
effect was demonstrated only in the first half of the motor task trials. 
In addition, no SFE was found for the execution speed measure. One 
purpose of the present study was to reexamine the effect of amount of 
familiarization on magnitude of the SFE by comparing groups given 0, 
1, 10, 20, or 40 3-second familiarization exposures. 

Another finding of interest, in the familiarization studies has been the 
change effect, (CE). The CE is characterized by faster response speeds on 
trials involving a stimulus change from the previous trial (i.e., NS follow- 
ing FS or FS following NS) than on trials involving no stimulus change 
from the previous trial (i.e., NS following NS or FS following FS). The 
CE has been obtained in studies (Bogartz and Witte, 1966, Exp. П; 
Cantor and Cantor, 1965, 1966) which have involved two combined con- 
ditions. The first condition was that Ss were required to make a different 
Yesponse to FS onset than to NS onset and the second was that the 
Stimulus sequences involved predominantly more change than nonchange 
trials. In the Cantor and Cantor studies (1965, 1966), the required 
Tesponse was a differential response and the trial sequences involved 
Approximately 75% change and 25% nonchange trials. The response in 
the Bogartz and Witte study (1966, Exp. II) was divided into a non- 
differential initiation and a differential execution portion. Half of the 
Ss were given stimulus sequences which involved 75% change and 25% 
Honchange trials, while the remaining Ss were given sequences which 
involved 25% change and 75% nonchange trials. A CE was not found for 
initiation speeds regardless of the stimulus sequences employed. However, 
а CE was shown for execution speeds with the 75% change-257 non- 
change sequences, whereas a reverse CE (i.e., speeds faster on nonchange 
than on change trials) was obtained for execution speeds with the 25% 
change-75% nonchange sequences. 

In contrast to the differential response findings, the CE has not been 
found in studies (Bogartz and Witte, 1966, Exp. I; Cantor and Cantor, 
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Cantor and Cantor (1906) suggest а stimulus interpretation of 
CE, hypothesizing that the CE may be due to the “novelty” 
in changing from one stimulus to another from trial to trial within 
motor task, On the other hand, Bogarts and Witte (1966) „чием, 
response interpretation. They argue that а predominantly аш 
stimulus in conjunction with a diferential responso induse 
alternation in the children which results in increased speeds 
response (change trinls) and decreased speeds й 
response (nonchange trials). 
of the study was to determine whether a CE 
nondifferential initiation and the differential 
When the stimulus sequences involve 50% 
NS and FS. Cantor and 
one to expect а CE for 
and Witto's (1908) 
CE should not be found, 
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Three white light bulbs were located within the box and behind the 
One of these allowed for the presentation of a white light and 
other two in combination with colored filters allowed for the præsen- 
of а red or green light. 

micron witches, two in posterior positions and one in an anterior 
, were located. on а horizontal surface extending forwand from 


f response buttons, one inch in diameter, were available for mount- 
on the switches. One was painted black, another red, and the other 


Procedure 


8 was individually accompanied by Е from the classroom to 
illuminated: experimental room where he was seated in front of 
apparatus. Each S was then instructed to wateh carefully while a light 
on and went off several times, 
fifth of the Se were randomly assigned to cach of five groups (be, 
0, 1, 10, 20, and 40) which were given O, 1, pem faye ا‎ 


T 
її 
1 
: 

F 
н 


00. 30, 20, or O presentations of the white light, respeetively, 
presentations of the familiarization stimulus. Hence, eaeh 8 


Stimulus duration was controlled by a Hunter Decale 
, For half the Se in Groups 1, 10, 20, and 40, 
familiarization stimulus; the remaining А» in 
familiarize! on tbe green light. Although the Se in Group 0 
presentations of the red or green light, half of them were randomly 
to а "red" subgroup and the remaining Se to а “green” sub: 
For all Se, E. said "ready" before eaeh stimulus presentation, An 
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interval always occurred on 
Ж. A second intertrial interval, айю timed with tbe etopwateh, 
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was used. The black button was always mounted on the anterior swil 
and served as a start position. 

The S was now told to put his preferred hand on the black button а! 
to hold it down. The E explained that he would say ‘ready’ before eit 
the red or green light eame on and that S should release the am 
button and press the posterior button corresponding in color to that 
light as quickly as possible. The S was also instructed that, after pr 
either button, he should return his hand to the black button and hol 
down. The E asked S to demonstrate what he would do when a red lig 
came on and then also what he would do when а green light came on 

Forty-nine choice reaction time trials were then administered ассо; 
to one of two sequences counterbalanced for order of the NS and FS. Ha 
of the Ss in each of the ten amount of familiarization-color counterbal 
ing subgroups were given one Sequence, and the remaining Ss in 
these subgroups were administered a converse sequence. The orde 
stimuli occurring in one Sequence was NFFNNNFF for the first 
trials, with the same eight-trial sequence being repeated five more tim 


for a total of 48 trials, An NS was then presented on the last trial. 
order of stimuli occu 


tring in the converse Sequence was F 
for each of the six Successive blocks of eight trials, with an FS being 
presented on Trial 49. 


The E said ‘ready’ before each light presentation, using a restricted 
random order of 2-, 3-, and 4-second intervals between the ready 
and light onset. For the first trial, a 3- 
remaining 48 trials, 
for each of the four i 


d the appropriate light and a Hunter KlocKounter 
lack button, the KlocKounter was deactivated 
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stimulus offset and presentation of the next verbal ready signal was 
approximately 9 seconds. Before the next ready signal, E manipulated 
а rotary switch which controlled the color of the stimulus light. This was 
done prior to each trial whether necessary or not, to avoid giving S clues 
about the color of the next light. 


RESULTS 


A reciprocal transformation was used to convert release and travel time 
on trials 2-49 to speed measures. A .05 significance level was used for all 
statistical tests. 


Analyses Concerned with the SFE 


For each S, mean release and travel speeds were computed separately 
for the NS and FS over three blocks of eight trials each. These means were 
then employed as the data in two analyses of variance, one for release and 
the other for travel speeds. In each overall analysis, a double extension of 
4 Lindquist (1953) Type VII design was employed, with amount of 
familiarization and sequence as the between-Ss main effects and NS vs. 
FS (ie, the SFE comparison), stimulus color, and trial blocks as the 
within-Ss effects, 

Release speed. The following four effects were statistically significant 
in the overall release speed analysis: (a) NS vs. FS (F = 29.25, df =1, 
140 p < .001); (b) color of the stimulus (Е = 15.58, df = 1, 140, p < 
401) ; (e) trial blocks (F = 59.70, df = 2, 280, р < .001) ; and (d) the 
Interaction involving NS vs. FS X Amount of Familiarization (F = 5.35, 
df = 4, 140, p < 001). 

The NS vs. FS X Amount of Familiarization interaction is illustrated 
in Figure 1 where it may be seen that, for Group 0, speeds to the arbi- 
trarily designated NS and FS were almost identical. For Groups 1 and 
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vd 1. Mean release speeds to the NS and FS for each amount of familiarization 
up. 
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10, speeds were slightly faster to the NS than to the FS; in Groups 20 and 
40, speeds were markedly faster to the NS than to the FS. The obtained 
release speed differences (NS minus FS) for Groups 1, 10, 20, and 40 were 
040, .020, .095, and .109, respectively. The significant main effect for 
NS vs. FS is reflected in Figure 2 in the generally faster speeds to the 
GROUPS 

10 
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BLOCKS OF 8 TRIALS 


Fra. 2. Mean release speeds to the NS and FS as a function of trial blocks for 
Groups 0, 1, 10, 20, and 40. 


NS than to the FS for Groups 1, 10, 20, and 40. The main effect for color 
of the stimulus resulted from the fact that the release speeds were faster 
оп the average to the red than to the green light, regardless of which one 
served as the NS. The trial blocks main effect is attributable to the de- 
crease in mean release Speeds across trial blocks for all familiarization 
groups. 

In order to follow up the NS vs. FS X Amount of Familiarization inter- 
action, Lindquist (1953) Type VII analyses of variance extended to one 
additional between-Ss main effect were conducted on mean release speeds 
for specific pairs of groups—namely Group 0 vs. 1, Group 1 vs. 10, Group 
10 vs, 20, and Group 20 vs. 40. The between-Ss main effect in each of these 
four analyses was amount of familiarization and the within-Ss effects 
were (a) NS vs. FS; (b) stimulus color; and (е) trial blocks. The NS vs 
FS X Amount of Familiarization interaction was significant only for the 
Group 10 vs. 20 analysis (Р = 545, dí = 1, 60, p — .05). In the three 
analyses in which no significant NS vs. FS X Amount of Familiarization 
interaction was found (i.e., 0 vs. 1, 1 vs. 10, and 20 vs. 40), the NS vs. F8 
main effect was significant only in the Group 20 vs. 40 analysis (F = 
8717. df = 1, 60, р < 001). Since a significant NS vs. FS X Amount о 
Familiarization interaction was obtained in the Group 10 vs. 20 analysis; 
Lindquist (1953) Type VII analyses of variance extended to one ad- 
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ditional between-Ss variable were conducted on mean release speeds for 
Groups 10 and 20 separately. In each of these two analyses, the between- 
Ss main effect was sequence and the within-Ss effects were the same as 
those in the group comparison analyses. The F ratios for the NS vs. FS 
main effect were as follows: (a) Group 10—F < 1.0; and (b) Group 20— 
F = 16.58, df = 1, 28, р < 001. 

These group comparison and follow-up analyses indicated that: (a) 
release speeds to the NS and FS were not significantly different for Groups 
0, 1, and 10; (b) release speeds were significantly faster to the NS than to 
the FS for Ss given 20 and 40 familiarization trials; and (c) the magni- 
tude of the release speed SFE was comparable for Groups 20 and 40. 

Travel speed. The only statistically significant effect obtained in this 
overall analysis was the Amount of Familiarization X Trial Blocks inter- 
action (F =2.49, df = 8, 280, р < .05). No further consideration was 
given to this interaction, since it did not involve the NS vs. FS variable. 
No additional analyses concerned with the SFE were conducted on the 
travel speed data. 


Analysis Concerned with the CE 


Utilizing the data from trials 2-49 for each S in Groups 1, 10, 20, and 
40, mean release and travel speeds were calculated for responses to an 
FS following an NS, to an NS following an FS, to an NS following an 
NS, and to an FS following an FS. These mean speeds were used as the 
basic data in two analyses of variance, one for each response measure. 
Both analyses involved a double extension of a Type VII design (Lind- 
quist, 1953) in which amount of familiarization and stimulus sequence 
were the between-Ss variables and NS vs. FS, color of the stimulus, and 
change vs. no change from the previous trial were within-Ss variables. 

Release speed for Groups 1, 10, 20, and 40. Table 1 shows the mean 
release speeds of interest, Three statistically significant effects in the 
analysis of release speed were those for NS vs. FS (F = 35.53, df — 1, 
112, р < .001), stimulus color (F = 12.77, df = 1, 112, < .001), and 
the NS vs. FS X Amount of Familiarization interaction (F = 3.66, df = 
3, 112, p < .05). These effects correspond to what was shown previously 
in the overall release speed analysis. The remaining statistically signifi- 
cant effect in this analysis was the main effect for change vs. no change 
(F = 26.20, df = 1, 112, p < .001). When collapsed over the amount of 
familiarization variable, release speeds were faster on change than on 
nonchange trials. 

Travel speed for Groups 1, 10, 20, and 40. The mean travel speeds that 
Dertain to this analysis are presented in Table 2. The only significant 
Statistic obtained was the F for the main effect of change vs. no change 
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TABLE 1 
MEAN RELEASE SPEEDS FOR GROUPS 1, 10, 20, AND 40 TO THE FAMILIAR AND 
NONFAMILIAR STIMULUS ON CHANGE AND NONCHANGE TRIALS 


aS eee 


Stimulus event 


Sequential 
Group relation Familiar Nonfamiliar Mean 
Change 1.660 1.689 1.675 
1 Nonchange 1.580 1.631 1.606 
Mean 1.620 1.660 
Change 1.735 1.739 1.737 
10 Nonchange 1.685 1.723 1.704 
Mean 1.710 1.730 
Change 1.585 1.674 1.630 
20 Nonchange 1.531 1.632 1.582 
Mean 1.558 1.653 
Change 1.577 1.664 1,621 
40 Nonchange 1.500 1.632 1.566 


Mean 1.539 1.648 
nT 


(F = 4.55, df = 1, 112, p < .05). Regardless of amount of familiarization, 
travel speeds were faster on change than on nonchange trials. 

Release and travel speeds for Group 0. For each S in Group 0, the data 
from trials 2-49 were used to compute mean release and travel speeds 
for responses to a red light following a green light, to a green light fol- 
lowing a red light, to a red light following a red light, and to a green light 
following a green light. Since there were no familiarized and nonfamiliar- 


TABLE 2 
MEAN TRAVEL SPEEDS FOR GROUPS 1, 10, 20, AND 40 то THE FAMILIAR AND 


NONFAMILIAR STIMULUS ON CHANGE AND NONCHANGE TRIALS 


Stimulus event 


Sequential 

Group relation Familiar Nonfamiliar Mean 

Change 2.975 2.997 2.986 

1 Nonchange 2.934 2.925 2.930 
Mean 2.955 2.961 

Change 3.067 3.140 3.104 

10 Nonchange 3.001 3.057 3.029 
Mean 3.034 3.099 

Change 3.044 3.094 3.069 

20 Nonchange 3.032 3.009 3.021 
Mean 3.038 3.052 

Change 3.139 3.153 3.146 

40 Nonchange 3.135 3.114 3.125 
Mean 3.137 3.133 

a T ss 


р 


| 
| 
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ized stimuli for Group 0, color of the light was used as the basis for 
classifying change (ie, R-G + G-R) and nonchange (ie, Е-Е + 
G-G) trials. Two Lindquist (1953) Type VI analyses of variance, one 
for release and the other for travel speeds, were conducted on these data. 
The between-Ss variable was stimulus sequence and the within-Ss effects 
were color of the stimulus on the eurrent trial and change vs. no change 
from the previous trial. 

Table 3 contains the relevant means for both release and travel speeds. 
The only significant effect for release speeds was the main effect for 
change vs. no change (F = 33.51, df = 1, 30, р < .001). 'This effect is 
attributable to the occurrence of faster speeds on change than on non- 
change trials. A significant main effect was found for stimulus sequence 
in the travel speed analysis (F = 6.09, df = 1, 30, p < .05). This effect 
has no direct bearing on the results of primary interest. None of the 
remaining effects was significant in the analysis of travel speed. 


TABLE 3 
Mean RELEASE AND TRAVEL SPEEDS ғов GROUP 0 то THE RED AND GREEN 
STIMULUS on CHANGE AND NONCHANGE TRIALS 


Stimulus event 


Response Sequential ج س ا‎ 
Ineasure relation Red Green Mean 
Release speed Change 1.627 1.597 1.612 
Nonchange 1.528 1.499 1.514 
Mean 1.578 1.548 
"Travel speed Change 3.302 3.334 3.318 
Nonchange 3.260 3.317 3.289 
Меап 3.281 3.326 
DISCUSSION 


A finding of interest was the NS vs. FS X Amount of Familiarization 
interaction obtained in the overall analysis of release speeds. Significant 
SFEs were found for Ss given 20 or 40 3-second familiarization exposures 
but not for Ss given 0, 1, or 10 such exposures. These results suggest that 
a minimum of about 20 3-second familiarization exposures are required 
to produce the SFE. These findings are in agreement with those of Cantor 


and Fenson (1968) who obtained an initiation speed SFE for Ss given 


18 3-second exposures but not for Ss given 16, 14, 12, 10, or 5 exposures. 
se of Cantor and Cantor (1966) 


These results are in disagreement with tho: ) 
Who found an SFE for Ss given 5 3-second familiarization trials. The 
discrepancy between the results of the present study and those of Cantor 

and Cantor (1966) may be due to methodological differences between the 
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two studies, especially their use of a composite Tesponse measure, It js 
also possible that the results of the earlier study (Cantor and Cantor, 
1966) may be attributable to chance. 

The finding of an SFE for release but not for travel Speed is in agree- 


execution segment of the response when Ss are required to respond to 
stimulus onset, 

A CE was found in the present study when release speeds were collapsed 
over four amount of familiarization groups (Groups 1, 10, 20, and 40). 
A release speed CE was also found for Group 0. A CE was also obtained 


travel speed means on change vs, nonchange trials for C iroup 0 Ss was 
in the same direction as for the other amount of familiarization groups— 
that is, speeds were faster on change than оп nonchange trials. Thus, the 
children in this study started to respond and also completed the response 


Cantor and Cantor (1966) suggest that the CE may be due to the 
"novelty" inherent in changing from one stimulus to another from trial 
to trial within the motor task. The overall finding of a CE for both release 
and travel speeds (except in the case of travel speed for Group 0) is con- 


Bogartz and Witte (1966) suggest that a CE will be obtained only 
when predominantly alternating stimulus Sequences are used in con- 
junetion with a differential Tesponse. A CE for travel speeds was found 
in the present study although the stimulus Sequences employed involved 
50% alternation and 50% repetition of the NS and FS and thus were not 
predominantly alternating. These data indicate that it is not necessary 
to employ predominantly alternating stimulus Sequences to obtain a dif- 
ferential response CE. А CE was also found for release speeds although 
this is not a differential response measure, This finding suggests that a 
CE can be obtained for a nondifferentia] initiation portion of a response 
if the execution portion involves a differentia] response. 
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hibit responding on nonchange trials, then а response interpretation would 
account for the obtained travel speed CE. A second assumption is that, 
in addition to bringing strong alternation tendencies to the experiment, 
the children may have adopted a response strategy which involved waiting 
to release the start button until they had already decided which was the 
correct posterior button to push. In conjunction with this strategy, re- 
sponse alternation tendencies could also affect release speeds, either by 
increasing them on change trials, slowing them on nonchange trials, or a 
combination of both. Hence, a modified response interpretation can also 
account for the finding of a CE for the initiation portion of the response 
(i.e., release speeds). 
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Imitation: Effects of Movement and Static Events 


GREGORY T. Fours AND Davin A. Parton? 
Institute of Child Behavior and Development, University of lowa 


In this study of imitation the modeling stimulus consists of the attributes 
of a model and the physical events produced by a model. The physical 
events include two components, the position of objects (static events) and 
the movement of objects (movement events). To investigate the effect of 
these components young children (N — 64) first observed one of four video 
tapes and then were given an opportunity to play with the materials seen on 
TV. The condition which presented a model and the condition which pre- 
sented only the static and movement events produced similar amounts of 
imitation. Other results were that simple responses (reproduction of a single 
static event) required only the observation of static events; whereas complex 
responses (reproduction of two static events in the sequence presented by the 
modeling film) required the Observation of static and movement events. 
The results suggest that a primary function of a model is the transmission 
of information about the environment, 


The modeling stimulus used in most studies of imitation (Bandura, 
1965) is a complex stimulus consisting of a human model manipulating 
objects. This study evaluates the influence of three components of a model- 
ing stimulus on same responding in children. The three components are 
(a) the presence of a performing model, (b) static events, and (c) move- 
ment events, A static event is defined as a stimulus object at a specified 
location. A movement event is a stimulus object in transition from one 
location to another location, A Same response is the occurrence of a static 
event by a subject. This definition is in terms of an apparatus change, not 
the topology of the subject’s movement of the stimulus object.? 

The effects that the three components of the modeling stimulus may 


"This paper is based on a thesis submitted by the senior author in partial ful- 


fillment of the requirements for the M.A. degree at the University of Iowa. The 


topology must be in terms of the timing and sequence of the locations assumed by 
the stimulus object. The stimulus object could be a portion of the subject's body, 
although inanimate stimulus objects are often used to achieve procedural simplicity 
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have upon same responding are labeled the modeling effect, copying effect, 
and movement effect. To illustrate these effects, consider a situation in 
which marbles may fall into a transparent glass. If children drop more 
(or fewer) marbles into the glass after watching a model drop marbles 
than children who watched the marbles fall into the glass with no model 
present, then the difference in responding would be a modeling effect. If 
children drop more (or fewer) marbles into the glass after observing 
them fall into the glass in the absence of a model (i.e., after observing 
movement and static events) than children who saw only the marbles 
resting on the bottom of the glass (i.e., after observing only static events), 
then the difference would be a movement effect. Finally, if children drop 
more (or fewer) marbles into the glass after observing them rest on the 
bottom of the glass (i.e., after observing static events) than those children 
who saw no marbles in the glass (i.e., after observing the location), the 
difference would be a copying effect. 

Two classes of same responses are examined in this paper, single same 
responses and same response chains, A single same response is the per- 
formance of a particular static event, and a same response chain is the 
performance of two static events in the order presented in the modeling 
stimulus. For example, a single same response could be the placement 
of a marble in a box. A same response chain could be the placement ofa 
marble in a box followed by the placement of the same marble in à jar. 
The effect of the model, statie events, and movement events on same 
responding should depend upon the complexity of the same response. The 
rationale for this expectation is presented below as each of the three 
effects is discussed. 

Modeling effect. A recent investigation (Dubanoski and Parton, 1968) 
has shown that the observation of a human model is unnecessary for the 
Subsequent emission of single same responses. They also found that à 
Model Hand condition, in whieh only the hand of a model was visible, 
produced the same amount of single same responses as à Model Absent 
condition in which stimulus objects were manipulated by invisible 
threads in the absence of a model. These findings suggest that а modeling 


effect is not a function of showing only the hand of a model, although 


it may be possible to produce a modeling effect if the hand had certain 
r. In the present study the 


distinctive characteristics such as size or colo 
model manipulation was a Hand condition in order to replicate this aspect 
of the previous study. : 
Movement effect. The observation of the movement event connecting 
two static events may serve an information function, e£, the movement 
event demonstrates that a single stimulus object was transferred from one 
location to another. This information is likely to be irrelevant for the 
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production of single same responses but may be important in the produc- 
tion of response chains. If movement events facilitate the performance of 
response chains, then the Hand and Model Absent conditions should 
elicit more response chains than the Static condition, Such an outcome can 
be called a movement effect, 

Copying effect. The contribution of static events can be determined 
by comparing performance under a Statie condition with performance 
under a Location condition which presents only the locations at which the 
stimulus objects were placed in the Static condition. A Static condition 
should produce more single same Tesponses than a Location condition 
because the locations alone provide no information regarding the potential 
locations specified for each stimulus object. A copying effect was not 
expected for response chains because both the Static and Location con- 
ditions lack the movement events which would seem necessary for the 
production of response chains. 


METHOD 
Subjects 


Sixty-four first-grade children were randomly assigned to four experi- 
mental groups with the restriction that each group contain eight boys and 
eight girls, 


Procedure 


A male E escorted each S from the classroom to a research trailer. The 
S was seated 8 feet from a television set and instructed to watch the TV. 
While S watched a video tape, E sat behind him and inconspieuously 
timed the duration the S's head was turned away from the TV screen. 
Hand condition. In this video tape, the stimulus objects were 
manipulated by a young female adult with only the right hand and fore- 


stimulus objects, 25 of each kind, were arranged in separate piles on а 
22- X 48-inch table. The stimulus objects were small paper cups, large 
triangular paper clips, and 1.5-inch square wooden disks with holes in the 
centers. The stimulus objects were manipulated, one at a time, in the fol- 
lowing sequences: (a) a cup was placed on a solid black 2.5-inch circle, 
then placed on one of 25 dowels which formed the branches of a 10.5-inch- 
high wooden “tree,” and finally dropped into a transparent, 600-milliliter 
laboratory beaker; (b) a paper clip was placed on a black triangle, 1.0 
inches on a side, placed edgewise in a white alley maze, and dropped into 
the beaker (the same beaker was used for all stimulus objects); (c) a 
disk was placed on one of nine 2-inch high square pegs mounted on a 
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board, placed onto one of three horizontal dowels protruding from a 
yertical board of triangular shape, and then dropped into the beaker. 

Each sequence for a stimulus object lasted approximately 40 seconds 
and was presented three times, each time with another object of the same 
kind. Following the three cup sequences, the model performed three paper 
clip squences and three disk sequences. The model’s hand was removed 
from the stimulus object at each location, and an object was visible at 
each location for two seconds. The stimulus object was removed from the 
beaker after the camera had focused on another part of the table. The 
seven locations and three piles of stimulus objects were arranged so that 
(a) no more than one of the 10 areas was visible on the television screen 
at any one time, and (b) the transitions from one location on the table 
to another did not expose any other location. The video tape was ac- 
companied by symphonic music. 

Model Absent condition. This video tape was identical to the Hand 
condition except that all the stimulus objects were manipulated by nylon 
threads which were not visible in the video presentation. No portion of 
the model was visible on the video tape. 

Static condition. Each stimulus object manipulation in the Hand and 
Model Absent conditions involved two components, movement events and 
static events. The video tape for the Static condition. was the same as for 
the Model Absent condition except that all movement events were deleted. 
The cup sequence, for example, showed a cup on the pile of cups for ap- 
proximately two seconds followed by the camera scanning, with no cup 
Present, the route leading to the circle for the same number of seconds 
às in the Model Absent condition. The cup, at the circle, was exposed for 
two seconds. This was followed by scanning to the tree, a 2-second 
Presentation of the cup on the tree, scanning to the beaker, and a two- 
Second presentation of the cup in the beaker. 

Location condition. This video tape was identical to the Static con- 
dition tape except that there were no stimulus objects at any of the 
locations. This tape deleted both the movement events and static events. 
In the cup sequence, the pile of cups was presented for 2 seconds and 
this was followed by scanning to the circle, a 2-second exposure of the 
circle without a cup, scanning to the tree and a 2-second exposure of the 
tree without the cup, ete. 

In summary, all video tapes were equated for the duration of exposure 
Of each location, the duration of time used to scan from one location to 
another, the path the camera scanned, and the area of the table visible 
9n the television sereen. 

Test for same responses. When the video tape ended, E pretended to 
Adjust the television set, turned it off, and announced that he was going 
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into the next room of the trailer to fix the television wires. The E removed 
a screen which concealed the table and stimulus materials used in the 
video tapes. Two additional kinds of stimulus objects (black pegs and 
curtain rings) were included in order to decrease the likelihood of same 
responding occurring through the tendency of children to manipulate any 
objects presented to them, The S was seated facing the table and a one- 
way glass, and told that he could play with the toys in any way that he 
liked while E was trying to repair the television wires. The E entered the 
observation room where he served as the reliability observer during a 5- 
minute test for same responses, The S’s behavior was recorded continu- 
ously according to predetermined categories on a 20-channel event 
recorder. Following the test for same responding, the E returned to the 
experimental room and escorted S back to the classroom. 


RESULTS 


Each 5-minute record of behavior was scored to provide four dependent 
variables: (a) the number of different kinds of single same responses, with 
а range from zero to nine, (b) the total frequency of single same 
responses, collapsing over kinds of responses, (c) the number of different 
kinds of response chains, with a range from zero to six, and (d) the total 
frequency of response chains. The static events which were counted as 
components of a response chain were included in the count of single same 
responses. 

Interobserver reliability for frequency of single same responses was 
obtained by dividing each record into consecutive 10-second intervals 
and assigning each S a score from each observer, the score being the count 
of the number of intervals in which at least one same response occurred. 
A product-moment correlation of 98 (N = 45) was obtained after 
eliminating all Ss with scores of zero from both observers. The 10-second 
interval records were examined for interjudge agreement. Observer 2 
recorded a same Tesponse on 96% of the 378 observation intervals on 
which Observer 1 recorded a same response. Observer 2 recorded the 
absence of a same Tesponse on 99% of the 1,392 intervals in which 
Observer 1 recorded the absence of a same response. There were 25 dis- 
agreements out of a possible 1,770 (59 Ss x 30 Intervals; five Ss were 
deleted from only this reliability analysis because of incomplete data 
for Observer 2 caused by an equipment failure). Out of the 25 disagree- 
ments, 11 apparently were timing errors; i.e., Observer 2 recorded a same 
response in either the interval preceding or following the interval in which 
Observer 1 recorded a same response, with the time between each pair 

of observations being less than 1 second. 


Every analysis of single same responses which included the Location 
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group and every analysis of response chains was performed with median 
tests. The median test was used in these cases since only six of the 16 Ss 
in the Location group performed any single same responses. Similarly, 
only four of the 16 Ss in the Statie condition and none in the Location 
condition exhibited response chains. Every statistic was considered signifi- 
cant if the null hypothesis was rejected at the .01 level for a two-tail 
test. 

The data were first examined to determine whether same responding 
occurred without a human model performing the physical events. Table 1 


TABLE 1 
MEAN, MEDIAN лхо SD rog NUMBER or DIFFERENT KINDS AND FREQUENCY 


or SINGLE SAME RESPONSES AND SAME RESPONSE CHAINS 
Single Same Responses 
Different Kinds Frequency 
Prop. of 
Condition n subjects Mean SD Median Mean SD Median 
Hand 16 1.00 5.19 2.30 5.00 18.28 13.64 12.50 
Model 16 0.88 4.31 2.05 4.83 11.06 7.60 9.00 
absent 
Static 16 0.94 3.75 1.71 3.90 17.81 12.84 13.50 
Location 16 0.38 0.69 1.04 0.30 5.06 10,69 0.30 
Same Response Chains 
Different Kinds Frequency 
Prop. of 


Condition п  subjeetss Mean SD Median Mean SD Median 


Hand 16 0.56 1.31 1.76 0.75 2.50} 5.11: 10.75 

Model 16 0.81 1.69 1.81 1.33 2.25 2.25 1.50 
absent 

Static 16 0.25 0.25 0.44 0.17 0.25 0.44 0.17 

Location 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


E LD Ds ss 
* Proportion of subjects with scores greater than zero (the same proportion necessarily 
Applies to both Different Kinds and Frequency). 
Presents the means, SD’s and medians for each dependent variable ac- 
cording to experimental groups. The Location condition resulted in 
Significantly fewer kinds and lower frequency of single same responses 
than each of the other conditions. The Hand, Model Absent, and Static 
Conditions did not significantly differ in kinds or frequency of single 
same responses (F (2/42) = 2.07 and F (2/42) = 1.62, respectively). 
In addition, the Hand group did not differ from the Model Absent group 
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of statie eventa was sufficient for the production of single saime 
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simple manipulations of the environment, the occurrence of а 
A effect depends on the complexity of the same response. 

Se’ inattention time to the television during the observation period 
from 0 to 155 seconds, Nearly half the Se had sero inattention 
and only two had inattention times of over 30 seconda, An extention 


responses than boys, Ё (1/42) = 666. 
data were examined to determine whether the — 
4 in Table 1 adequately represent performance under the various 
tal conditions. Table 1 contains the proportion of subjects in 
experimental group who exhibited one or more single same respon 
one or more same response. chains. Inepeetion of Table 1 reveals 
y werows all three of the deseriptive statisties, amd an 
the frequency distributions for each condition on euh 
indicates that these deseriptive statistics adequately 
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foot model marching briskly about a room. In this case, the static 
and movement events, by definition, are inseparable from the model, 
only logical implication of this criticism is that behavioral scientists mi 
not be able to investigate the effects of the model independent of 
information function when the behaviors are body movements. 

The suggestion that a model serves the function of transmitting in 
mation concerning how the environment may be manipulated does 
imply that there are no effects of model characteristics upon same 
sponding. When the physical and/or behavioral characteristics of а 
are distinctive, there are two possible effects. First, the charac! 
may affect a subjects attention to the environmental changes produces 
by а model's behavior, thereby influencing the effectiveness of a model 
а transmitter of events. Second, the characteristics of а model may e 
responses or processes which either suppress or facilitate the 
duction of the environmental events. The Model Absent cond 
may be used as one baseline for evaluating either of these effects of 
characteristics, 


Modeling stimuli, whether simple laboratory manipulations or comp 
behaviors, involve the three components investigated in this study. 
effects of these components upon same responding label relations 
may oceur in any study of imitation. The relations demonstrated 
may, therefore, account for imitation effects found in other experimental 
settings. Further analysis of the modeling stimulus is required in 
to determine the generality of these three effects. 
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Attention, Anxiety, and Rules in Resistance- 
To-Deviation in Children 


J, Мдлх Сикүхь, Jons В. M. GOYECHE, лхо Ricnano Н, Матиз? 
University of Waterloo 


An experiment was condueted which investigated the effecta of punishment. 
and rule instructions on resistance-to«deviation, Grade II boys were asked. 
to select, over two trials, one of each of two pairs of toys, Following one 
selection subjects received a high-intensity (104 db) tone, a moderate 
intensity (88 db) tone, or no tone. For half the subjects, instructions 
prohibiting touching the toy immediately followed this procedure, Measures 
of touching the selected toy in a subsequent test period in which the child 
was left alone with the toy suggested that, in the absence of instructions, 
subjecta who received the high-intensity tone played least with the selected 
toy, whereas, among subjects receiving instructions, those under moderate- 
intensity punishment showed the least “deviant” play behavior, Bupple- 
mentary data, including heart-rate monitored during training, suggested that 
under certain conditions, the role of attention in punishment training may be 
as important ая that of “anxiety.” 


During recent years, the effectiveness of loud sounds as punishing 
stimuli has been demonstrated in a number of experimental studies om- 
ploying child Ss (e.g, Aronfreed and Leff, 1963; Penney and Lupton, 
1962; Walters and Parke, 1968). However, none of there studies has 
investigated the effects of varying the intensity of sound stimulation i 
the absence of prior prohibition instructions (eognitive structuring) 
may facilitate, interfere with, or otherwise interact with the effects о 
manipulating the sound-intensity variable. For example, Cheyne and 
Walters (1969) have demonstrated that cognitive structuring may ia- 
trease the effectiveness of low-intensity punishment for inducing response 
inhibition, particularly when punishment is delayed with respect to the 
Prohibited response, On the other hand, there iw evidence that such 
Punishments may modify Ss’ understanding or utilization of Instructions, 

"The authors express their gratitude for the co-operation of Superin 
Principals, and Stale of the Waterloo Separate School. System. This study 
“ported by grants to the late Dr. R. H. Walters from the Ontario 
Health Foundation, the National Institute of Health, United States Public Health 
Service and the Defense Research Board of Canada. This paper is dedicated to 
Dr. Walters who died during the preparation of this paper. Dr. Waltzes «nih. sam 
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Cheyne and Walters’ results indicate that punishment itsclf шау, in some 
cases, attenuate the effects of cognitive structuring. 

The experiment reported in this paper was designed to investigate 
some possible interactions between intensity of sound stimulation and 
the presence or absence of verbal instructions. 

Learning theorists (e.g. Mowrer, 1960a,b) have suggested that, in 
punishment training, response-produced cues accompanying the punished 
act may become associated with anxiety-induced avoidance responses 
following punishment. Depending upon a number of parameters, such as 
the timing and intensity of punishment, the resultant association may | 
lead to the subsequent inhibition of the punished act. The intensity of 
punishment is obviously an important factor since it will determine the 
strength of the avoidance response and hence the degree of inhibition 
of the punished response. Implieit in such theorizing is the assumption 
that the development of the association is relatively automatie. Little 
referenee is made to the necessity of Ss attending to or being "aware" 
of the contingencies that are, in fact, being manipulated. On the basis of 
this theorizing it would be predicted that in the absence of verbal instruc- 
tions there would be increasing response inhibition as intensity of punish- 
ment increases. Of course, there should be no response inhibition at those 
intensities which do not evoke anxiety responses. Strictly speaking, such 
a theory should properly be tested with humans in the absence of verbal 
cues, such as instructions, which may guide and direct S. As noted earlier, 
punishment studies involving children have consistently utilized verbal 
instructions prior to punishment training. In this study therefore, for all 
Ss, prior punishment instructions were eliminated, and for half of the 
Ss, all punishment-relevant instructions were eliminated. 

Recent theorizing and research (e.g. Bandura and Walters, 1963; 
Easterbrook, 1959; Kausler and Trapp, 1960; Walters and Parke, 1964, 
1965) have suggested that a moderate degree of emotional arousal induced 
by aversive physical stimuli may facilitate perceptual organization and 
the utilization of relevant cues, On the other hand, very intense aversive 
stimulation may have a disorganizing effect, resulting in distraction of 
lack of attention to relevant cues. Thus, there are grounds for investigat- 
ing the relative roles of emotional arousal and attention in a punishment- 
training situation in which both the intensity of a punishment stimulus 
(noise) and the provision of verbal instructions immediately following 
punishment were varied. 

Recent research concerning attentional factors has suggested that heart- 
rate deceleration is a correlate of attention to external stimuli, while 
heart-rate acceleration is associated with a reduction in sensitivity to 
external stimuli (Kagan and Lewis, 1965; Kagan and Roseman, 1964; 
Lacey, 1959, 1967; Lacey, Kagan, Lacey, and Moss, 1963; Lacey and 
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Lacey, 1964; Obrist, 1963). Graham and Clifton (1966) have recently 
extended the theoretical significance of cardiac activity by proposing that 
heart-rate deceleration is a component of the “orientation reaction” 
(Sokolov, 1963), while heart-rate acceleration is a component of the 
“defensive reaction” (Sokolov, 1963). Recent research, however, would 
indicate that the heart-rate reaction, during the orienting reaction, may 
be somewhat more complex than a simple linear deceleration (Greer, 
1964; Germana and Klein, 1968; Goyeche and Thysell, 1969). In any 
case, it has been reported that the orienting response is accompanied by 
lowered sensory thresholds which facilitate the acceptance of stimulus 
input while the defensive or startle reaction is accompanied by heightened 
sensory thresholds which lead to the rejection of stimulus input (Lacey, 
1967; Sokolov, 1963). Hence, it would be expected that attention to verbal 
cues would be facilitated under punishment conditions which elicit an 
orienting response and interfered with under punishment conditions 
which elicit a defensive or startle reaction. Cardiac activity was therefore 
monitored during punishment training in the present study as a possible 
index of attention. 

On the basis of the above theorizing and research a number of 
predictions were made. Assuming that anxiety-mediation theory (ez. 
Mowrer, 1960a) holds in the absence of verbal instructions, one would 
predict increasing resistance-to-deviation with increasing stimulus 
intensity in punishment training. However, considering the effectiveness 
of verbal instructions (Cheyne and Walters, 1969) in producing resis- 
tance-to-deviation, one would predict less deviation under conditions in 
which instructions are provided as opposed to those conditions in which 
instructions are not provided. Furthermore, it is predicted that under 
conditions in which instructions are provided, the learning of the in- 
structions will be optimal under conditions of maximal attentional in- 
volvement. That is, a moderate-intensity buzzer that elicits the orient- 
ing response will facilitate learning of such instructions, and will result 
in superior resistance-to-deviation. On the other hand, a very high- 
intensity buzzer would be expected to elicit a defensive reaction, interfer- 
ing with the learning of the instructions, thereby reducing the effective- 
hess of the instructions in producing resistance-to-deviation. Therefore, 
Under instruction conditions the moderate-intensity condition should be 
More effective than the zero- or high-intensity conditions. 


METHOD 


Subjects 


à A total of 84 Grade II boys, for whom parental permission to partic- 
lpate was secured, were obtained from Kitchener-Waterloo separate 


130 CHEYNE, GOYECHE, AND WALTERS 


schools, and were randomly assigned to six different experimental con- 
ditions, 14 per group, involving three levels of intensity of physical 
punishment (0, 88, and 104 db) and the presence or absence of verbal 
instructions. 


Procedure 


Ss were tested in a mobile laboratory divided into an experimental 
and an observation room by a partition containing a one-way screen. 
Heart rate was recorded on a Beckman-Ofiner dynagraph by means of a 
telemetry system. Electrodes were connected to a miniature (1-1/2 X 1- 
1/2 X 1/2 inches) FM transmitter which transmitted the heart-rate 
signals via an FM receiver to a Beckman-Offner dynagraph located in 
the observation room. 

Аз soon as S arrived at the mobile laboratory electrodes were attached 
to his sternum in order to secure continuous recording of heart rate. E 
then exeused himself and went into the observation room to obtain a 1- 
minute basal heart-rate level. Upon his return, E then picked up two 
“unattractive” toys (two small, differently colored sports cars) from 
behind a cardboard partition on another table in the room. Æ placed the 
toys on the child's table (about 5 inches from the table's edge and about 
10 inches apart) ; he asked S to “reach out and pick up the toy that you'd 
like to play with.” S's choice of either “unattractive” toy was never 
punished and both toys were removed 4 seconds after the toy was 
touched. E then presented two “attractive” toys (a green missle launcher 
and a white car with trailer) in the same positions repeating the same 
instructions. As the child touched either “attractive toy" he received à 
buzzer (the speaker being attached to the underside of the table) of 
either 0, 88, or 104 db (of 2-seconds duration) depending upon the ex- 
perimental condition. Directly following this procedure S was im- 
mediately told either nothing, or, *Don't touch the white (green) toy, 
please," depending upon the experimental condition. The entire procedure 
from the moment the S touched one of the "attractive" toys, until the 
experimenter removed it, oceupied a total of 4 seconds. Following the 
experimental manipulations, E placed the two previously chosen toys 
(the chosen “unattractive” toy which was never punished and the chosen 
“attractive” toy, which was punished in four of six conditions) on the 
table in front of S as if expecting him to make another choice. Before 8 
could make his choice, E told S, “Oh no, I have forgotten something. I’m 
going to have to go into the school for a while. Will you be all right here 
by yourself? Good, I'll go out the door in the room next door. When I 

come back, I'll knock on the door so that you'll know that it's me. You 
can play here while I'm gone. O.K.?" E then left the experimental room, 
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and, after 2 moment, made a loud noise resembling that of the slammed 
trailer door. Actually, E remained in the observation room, stationed 
behind the one-way mirror in order to record S's toy-playing activity 
during a 15-minute resistance-to-deviation period. 


Measures 


Resistance-to-deviation measures. During the 15-minute test period 
during which the child was left alone, the observer recorded, by means 
of a Heur-Century stop-watch, the times at which S touched and ceased 
to touch the chosen attractive toy. From these records the following 
measures were derived: The Latency of S's first deviant response, the 
Number of times S touched the punished toy, and the total Duration of 
time during which S touched the punished toy. These measures are 
identical to those used in earlier research (e.g. Cheyne and Walters, 1969) 
and have been found to have interobserver reliability coefficients beyond 
99. 

Heart-rate measures. From the heart-rate recordings difference scores 
were determined over seven consecutive 2-second periods starting 2 
seconds before the child’s contact with the attractive toy. Difference 
Scores were determined by substracting heart-rate scores during period 
one from each of the other six periods. 

Supplementary measures. During the punishment training session, the 
direction of S's looking responses during punishment training were 
tabulated by a naive observer in an adjoining observation room accord- 
ing to which of the following targets he looked at: (1) Chosen attractive 
toy; (2) unchosen attractive toy; (3) experimenter; (4) elsewhere. The 
looking responses were recorded during the verbal instructions or an 
equivalent 2-second period for Ss not receiving instructions. { 

Following the 15-minute resistance-to-deviation period, E re-entered 
the experimental room. S was then asked the following questions: (1) 
"Which toy did you play with while I was gone?” (2) “Did the buzzer 
frighten you at all?” (for the buzzer conditions). E merely recorded 
Whether the child responded "Yes" or “No” to the questions and the 
child was thanked for helping Æ and was returned to the classroom. . 


RESULTS 


Resistance-to-Deviation Data 


Table 1 presents the group medians for Latency of the first deviation 
and the Number and Duration of deviations. Because of marked hetero- 
geneity of variance and the skewness of the data distributions, a non- 
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TABLE 1 
GROUP MEDIANS ror THREE MEASURES ОР RESISTANCE-T0-DEVIATION 
No instructions Instructions 
High Moderate Zero High Moderate Zero 
Latency 13.5 3.5 3.5 22.0 297.0 33.5 
Number 10.0 10.5 12.5 6.5 2.5 7.0 
Duration 123.5 379.0 396.0 123.5 17.0 104.5 


parametric test, the Mann-Whitney U Test (Siegal, 1956), was used on 
all the behavioral data, 

To test the hypothesis that high-intensity punishment would be most 
effective under no-instruction conditions, scores for Ss under the high- 
intensity condition were compared with the scores of Ss under the 
combined conditions of moderate- and zero-intensity. The moderate- 
and zero-intensity conditions were also compared. The only comparisons 
that attained significance were the high-intensity condition versus the 
combined moderate- and zero-intensity conditions on the Latency mea- 
зше (U = 50, т, = 14, п. = 28, p < 0001) and the Duration measure 
(U = 60, n, = 14, п. = 28, p < .0001). It may be seen from Table 1 that 
Ss under the high-intensity condition deviated later and for less time 
than Ss under the other two intensity conditions. The comparisons re- 
vealed no differences between Ss under moderate- and zero-intensity 
conditions on any of the measures, 

In order to test the hypothesis that, under instruction-conditions, 
resistance-to-deviation would be greatest following moderate-intensity 
punishment, Ss under moderate-intensity-instruction conditions were 
compared to Ss under high- and low-intensity-instruction conditions. In 
addition, high- and low-intensity-instruction conditions were compared. 
Only the former comparison achieved significance. The moderate-intensity 
condition produced significantly longer Latencies of deviation (U = 140, 
т, = 14, n; = 28, p < .06), fewer deviations (U = 121, n, = 14, n; = 28, 
р < 05), and greater total deviations (U = 150, n, = 14, п. = 28, p € 
-10) than the combined high- and zero-intensity conditions. 

In order to determine the effect of instructions at each intensity level, 
additional comparisons were made; namely, zero-intensity instructions 
versus zero-intensity—no-instructions, moderate-intensity instructions 
versus moderate-intensity-no instructions, and high-intensity instructions 
versus high-intensity-no-instructions. The comparisons yielded significant 


*Parametric tests, however, yield results almost identical to those for the cor- 
responding nonparametric tests reported here. 
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differences between instruetion- and no-instruction groups under the 
zero-intensity condition on the Latency, Number, and Duration measures 
(U=10, m = п, = 14, p< 001), (U = 49, m =n —14, д < .05), 
(U = 45, n, = п. = 14, р < .01), and under the moderate-intensity con- 
dition on the Latency, Number, and Duration measures (U = 49, mı = 
m = 14, р < 05; U = 59, m = n; = 14, p< 05; and U = 46, n, = 
M = 14, р < 01). It may be seen from Table 1 that Ss under the 
moderate- and zero-intensity-instruetion conditions deviated later, less 
often, and for less time than Ss under the moderate- and zero-intensity— 
no-instruction cond 


litions. 


Supplementary Data { 

Analysis of the observing responses of Ss during the 2-second instruction 
period revenled that Ss tended more often to look toward E aüd away 
from the toys under conditions involving the presentation of а buzzer 
(44 of 56 Ss) than under conditions without a buzzer (12 of 24 Ss) to a 
significant degree (x? = 17.20, df = 2, p < .001). 

Analysis of the incidence of denial among Ss (question 1) indicated that 
deviating Ss under instruction conditions denied more often (8 of 36 
deviators denying deviation) than deviating Ss under no-instruction con- 
ditions (1 of 40 deviators denying deviation) to a significant degree 
(x? = 6.68, df = 1, p < .01). 

Significantly more Ss under the high-intensity condition verbalized 
negative reactions to the buzzer (responding “Yes” to question 2) than 
under the moderate-intensity condition (x? = 5.73, df =1, р < .02). 
Under high-intensity conditions, 13 of 28 Ss verbalized negative reactions 
E the buzzer while under moderate-intensity conditions only 4 of 28 Ss 

id so. 


Heart-Rate Data 


Because of imperfect records, heart-rate data were available on only 
half the Ss (seven under each condition) during training. Figure 1 shows 
difference scores in beats per minute over seven 2-second periods. In 
Figure 1, period 1 represents 2 seconds immediately preceding the 
Presentation of the punishing stimulus (or the equivalent for no-buzzer 
Conditions) ; periods 2-7 represent subsequent 2-second periods. A sum- 
шагу of the analysis-of-variance of these data is presented in Table 2. 

It may be seen from Table 2 that intensity significantly affected heart- 
Tate difference scores. Figure 1 reveals that Ss under the high-intensity 
Condition showed a greater increase in heart-rate scores than Ss under 
Other conditions. 
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phasie, first increasing following the buzzer presentation and then de- 
creasing after the instruction period. Under moderate-intensity conditions 
(E), S's heart-rate patterns may be seen to be essentially triphasie, an 
initial deceleration followed by an acceleration, which in turn is followed 
by a deceleration. No such consistent pattern may be discerned for high- 
deviators under high- or low-intensity-instruction conditions (D and H). 


DISCUSSION 


The analyses indicate that the high-intensity punishment in the 
absence of verbal instructions produced greater resistance-to-deviation 
than the moderate-intensity punishment or no punishment. The moderate- 
intensity punishment, furthermore, produced no more inhibition than no 
punishment when there were no subsequent instructions given. 

The heart-rate data are instructive here, It was the high-intensity 
punishment that produced a simple biphasic response, that is, marked 
acceleration followed by deceleration of somewhat lesser magnitude. The 
moderate-intensity punishment, on the other hand, produced a triphasic 
response, deceleration-acceleration-deceleration, the accclerative com- 
ponent of which is considerably smaller than that of the high-intensity 
punishment. Thus, to the extent that heart-rate acceleration may be 
interpreted as indicative of “anxiety,” these data would suggest that 
anxiety may have been produced by the high-intensity punishment con- 
dition only. This suggestion is further supported by S's reports (question 
2) and E's subjective impression of the aversiveness of both stimulus 
intensities. Hence, there may be support for the suggestion (Mowrer, 
1960a) that subsequent response inhibition may be a result of “anxiety” 
or aversive “emotional” reactions produced by high-intensity punishment 
in the absence of any verbal structuring through instructions. It is also 
conceivable, however, that high-intensity punishments are more effective 
cues that, on the basis of past learning experiences, enable the child to 
evaluate the nature and consequences of his action. The heart-rate ac- 
celeration data would tend to Support the anxiety mediated theory, 
although the possibility of cognitively controlled autonomic responses 
should not be overlooked. 

On the other hand, the moderate-intensity buzzer produced a triphasic 
pattern, the initial component of which was decelerative. It has been 
suggested that this deceleration represents one component of the orient- 
ing response (Graham and Clifton, 1966). There is, however, evidence 
that the cardiac response accompanying the orienting reaction is some- 
what more complex than this (Geer, 1964; Germana and Klein, 1968). In 
a recent study of the orienting response in a “signal” situation (Goyeche 
and Thysell, 1969) a triphasic response (deceleration-acceleration-de- 
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celeration) was found. Hence, the entire cardiac pattern of Ss in the 
moderate-intensity groups may be indicative of an orienting response, 
Thus, it is suggested that the superior resistance-to-deviation of Ss who 
had received the moderate-intensity buzzer followed by instructions may 
be attributed to their greater attention to, and comprehension of, the 
instructions. 7 

The immediately preceding discussion has made the inference that 
those Ss who were low deviators under moderate-intensity instructions 
were those who displayed orienting responses as indicated by the heart- 
rate pattern. Indeed, the heart-rate patterns of low and high individual 
deviators under moderate-intensity instruction (Figure 2) suggests that 
this assumption is not without support. Low deviators in the moderate- 
intensity-instruction group demonstrated the previously mentioned 
triphasic response, while high deviators appeared to show a random 
Tesponse. í 

Under conditions in which instructions followed punishment, the 
moderate-intensity punishment appeared to be the most effective con- 
dition. Additional comparisons revealed that both moderate- and zero- 
intensity punishment were significantly more effective when accompanied 
by instructions, on all measures of response inhibition, while high- 
intensity punishment was no more effective when accompanied by 
instructions. This finding combined with the fact that the most effective 
overall condition was the moderate-intensity instruction condition sug- 
gests that the high-intensity punishment did not facilitate the compre- 
hension and/or utilization of the additional information supplied by the 
instructions. Since the high-intensity condition produced a marked heart- 
Tate acceleration which has, in the literature, been associated with a 
defensive reaction (Graham and Clifton, 1966) and heightened sensory 
thresholds (e.g. Lacey and Lacey, 1964), some interference with com- 
prehension of the instructions would be expected. It is interesting that 
subjects under high- and moderate-intensity-instruction conditions showed 
marked deceleration following the instructions (Figure 1), It may 
further be noted that the low-deviating subjects under both high- and 
low-intensity instruction conditions were, in fact, the subjects who showed 
4 heart-rate deceleration following the instruction period (Figure 2,0 
and G). High deviators under these conditions showed no consistent heart- 
Tate pattern (Figure 2,D and H). ( 
1 lt may be suggested then that in the absence of preliminary instruc- 
tions, the buzzers produced a great deal of uncertainty regarding the 
Teasons for the onset of the noise. It may be recalled at this poirit that 
Significantly more subjects who received both moderate- and high- 
Intensity buzzers tended to look to the experimenter than under no- 
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buzzer conditions. This could be interpreted as the subjects’ seeking in- 
formation from the experimenter concerning the Meaning of the buzzer, 
The instructions immediately following the buzzer may have served to 
reduce uncertainty in those groups of subjects in which the late deceler- 
ative component and greater subsequent resistance-to-deviation was 
present, 


as reflecting a reduction of uncertainty. 

The fact that 22% of deviating subjects receiving the instructions 
denied deviation while only 2.5% of subjects receiving no instructions 
denied deviation agrees with findings from previous studies (Andres, 
1967; Cheyne and Walters, 1969). This denial can probably be attributed 


upon those properties of stimulus events which elicit attention as those 
Properties which produce "anxiety." 
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Positive Reinforcing Function of “Negative Attention"! 


RONALD GALLIMORE AND ROLAND С. THARP 
University of Hawaii 


AND 


Bryan Kemp 
University of Southern California 


It has often been suggested that some children, in the absence of positive 
attention, prefer negative attention to indifference. To test this proposition 
experimentally, twenty-six third and fourth grade children were randomly 
assigned to (1) a period of social deprivation or (2) a brief, but warm inter- 
action with the experimenter. All subjects subsequently played a game-like 
probability matching task in which face to face contact and a mild reproof 
were contingent upon pressing a button which had little likelihood of being 
“right.” Given the choice between being "right" (seeking a light flash) and 
being "wrong" (seeing the experimenter's face and hearing him say, “you're 
wrong"), socially deprived, high need for approval subjects showed a sig- 
nificantly greater tendency than controls to choose the latter. 


Some children appear to consistently behave in ways which elicit adult 
disapproval. Such children are sometimes characterized as “negative- 
attention seeking”; some observers have gone so far as to suggest that 
such individuals exhibit a “need” to be punished (Josselyn, 1948) while 
others have argued that children simply need attention, even if it is 
negative (Davis, 1949). Social learning theorists, on the other hand, 
assume that what an adult may regard as negative-attention seeking is, 
in many instances, the consequence of an intermittent reward and punish- 
ment schedule which is not apparent to the observer (Bandura and 
Walters, 1963). That is, the observer incorrectly infers that a child intends 
to provoke negative attention, To illustrate, a pre-schooler may persist in 
disrupting the teacher-led activities of his classmates despite the fact that 
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he is often reprimanded for such behavior—that which maintains the 
behavior are the reinforcing events which occur, perhaps while the teacher 
is absent or distracted, when his anties provoke a positive peer-response. 
Thus it is unnecessary to assume that the child either needs or enjoys 
the negative reaction of his teacher. Indeed, the use of the term in such 
cases is descriptively ambiguous, and theoretically unnecessary. 

Bandura and Walters (1963) also suggest that many responses labeled 
negative-attention seeking may be examples of anxiety-motivated 
responses which are often highly resistant to extinction. An individual 
may persistently expose himself to aversive, or negative attention, in his 
efforts to escape more unpleasant consequences. Such a conception has 
been, of course, widely accepted as an explanation for the persistence of 
self-defeating, neurotic behavior. Both explanations, attributed above to 
Bandura and Walters, describe circumstances in which attention only 
seems to be desirable: yet it would have no positive-reinforeing function 
of its own. 

Despite wide interest in negative-attention as a descriptive category, 
as an explanation for irritating behavior, and as a problem for conceptual 
analysis, there apparently have been no published attempts to experi- 
mentally produce the phenomenon. Thomas, Becker, and Armstrong 
(1968) found that when systematically varying teacher behavior from 
“approving” behavior to “disapproving,” the frequencies of student dis- 
Tuptiveness also rose; and there is evidence that some forms of critical 
comment do strengthen the antecedent behavior (if children stand up, and 
the teacher says “sit down,” they stand up the more; Madsen et al., 1968). 
The present study is an attempt to expand the inquiry concerning the 
function of “negative-attention” to the laboratory. In order to provide 
some experimental data on these phenomena, the work reported here was 
designed to ask a relatively simple empirical question—if children in a 
novel situation are offered a choice between (1) making a correct response 
(signaled in an impersonal fashion) which offers no adult attention and 
(2) making an incorrect response which elicits mild adult reproof, are 
there any circumstances under which they will select the latter? 

Such circumstances might be expected to involve several factors, two 
of which were selected for experimental manipulation: social deprivation 
and relative reinforcing strength of social approval. This latter factor 
has been more often described as “need for social approval”; as such, 
both it and social deprivation have been demonstrated as related to the 
arousal of “attending and orienting responses” (Crowne and Marlowe, 
1964; Walters and Parke, 1964). Studies in the tradition of Gewirtz and 
Baer (1958) suggest that children are trained to attend and orient 
to adults following social deprivation; and Crowne and Marlowe (op. cit.) 
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appear to conclude that the disposition to seek social approval reflects а 
history of reward for attending and orienting to adult-produced cues, We 
might thus expect that the interaction of these two variables may produce, 
in the absence of positive attention, a preference for negative attention 
(mild adult reproof) to no attention. 

In other language, but using identical operations, mild adult reproof 
may in some circumstances for some children function as а positive rein- 
forcer, even for undesirable behavior. We sought to produce, in a contrived 
setting, a response analogue of this phenomenon, so f. requently reported 
in clinical, applied, and lay settings. 


METHOD 


Overview 


Twenty-six third and fourth grade boys and girl were randomly 
assigned to (1) a period of social deprivation or (2) a brief, but warm 
interaction with the experimenter (E). AI] subjects (85) subsequently 
played a game-like probability matehing task in which face to face con- 
tact and a negative verbal response by the E were contingent upon the 
perseveration of an incorrect response. 


Measure of Reinforcing Value of Social Approval 


The Children's Social Desirability scale (CSD) (Crandall and Kat- 
kovsky, 1965) was selected as the measure of need for social approval: 
This questionnaire is similar in construction to the adult scale developed 
by Crowne and Marlowe (op. cit.). Initial findings suggest strongly that 
the CSD measures the same dimension among children as that described 
by Crowne and Marlowe for adults. We assumed in using the CSD, that 
the characterization of high-scoring adults (those who subscribe to socially 
desirable, but improbably flattering self-descriptions) presented by 
Crowne and Marlowe could be generalized to children. We assumed that 
CSD scores reflect, in part, the disposition to attend to others in the 
pursuit of social approval, as well as the probable reinforcing value of that 
approval. 


Apparatus 


The apparatus, similar to that described by Lewis, Wall, and Aronfreed 
(1963), consisted of a panel with a start light, two buttons, and two 
signal bulbs. The E initiated each trial by activating the start light to 
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The game apparatus was mounted in a large cardboard booth: a slid- 


| 


ing panel above the game permitted E to look into the booth and speak 
with S at any time. The S had visual contact with E only when the panel 


was open. 


Procedure 

Social deprivation. As each child was excused by his teacher he was 
told “go with this man”; no further explanation was offered. After escort- 
ing the S to the experimental room, E explained that he was from a toy 
company and wanted to test a new game. Otherwise, the E remained 
“aloof,” initiated no conversation, and responded to questions with an 
unelaborated “yes” or “no.” 

At this point, half the Ss were given the social desirability scale and 
half were given the task instructions. The E then said he must return a 
call to his company; the S was instructed to sit inside the booth, with the 
door closed and not to touch anything or leave the booth until E returned. 
Approximately 10 minutes later, E returned (gave task instructions to 
the remaining half of the Ss) and the training commenced. At the end 
of the training trials, those Ss who had not yet completed the CSD, then 
did so. 

Social satiation. As in the deprivation condition, Ss were dismissed 
with no explanation, but in the social satiation condition, E was friendly 
and talkative, offering, for example, a drink from a fountain during the 
walk to the experimental room. Next, E explained the task (to half these 
satiation subjects) prior to a 10-minute conversation about school and 
topics of interest to the S: the remaining half of the Ss received the 
instructions after the 10-minute interaction. CSD administration was 
Managed exactly as for the socially deprived group, one-half before and 
one-half after the training trials. 

The tactic of randomly administering the task instructions before and 
after the trials was chosen to avoid unwanted experimenter effects on the 
Satiation-deprivation condition; for example, if all children had been 
given instructions following the deprivation condition, this social contact 
Might have reduced the potency of the deprivation. In a parallel way, the 
satiation condition might have been weakened, had the “impersonal” 
Instructions followed the “satiating” interaction. 

The CSD was also administered in premanipulation and posttraining 
trials-conditions, one randomly chosen half of the subjects in each con- 
dition. This follows the procedure employed by Crowne and Marlowe in 
their work with adults. It is designed to avoid reciprocal contamination 
Of the scale and the experimental task. 

Instructions. Ss were told, in essence, to push one button each time the 
ted start light came on and that the object of the game was to match the 
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right-left bias, Throughout the training trials, E remained outside the 


booth. Each time 8 selected the low probability choice (7:20) and wae 
wrong, E opened the sliding panel, looked at the 5 and said, “no, 
wrong." In other words, if the R.20 choice was selecte! but the RAE 
choice was correct, 8 received the attention of E. At all oter times, ean 
rectness and incorreetnem were indicated by the signal light 

panel. Care was taken to avoid making the brief contact hi Му aversive, 
but at the same time it was made clear to the S that he had been wrong. 
Telling the 8 he is wrong does not, of course, exhaust the possible ори» 
ational definitions of negative attention, In this instance it was antielpated 
that a ct ce ra opposed to severe, negative coment would be 
more congruent potency level of the experimental icipulatiomk 

Dependent measure, Frequency of response to the R80 «il: constituted 
the dependent variable, It was predicted that high noed approval Se in the 
deprived condition would mateh the contingent probabilities losa rapidly. 
And lees well than the control groups. 1 

RESULTS 

Subjects were divided at the overall CSD median, yielding four groupe 
high C8D-deprived, high C8D-satinted, low CSD-deprived, and low CM» 

Figure 1 presents the mean proportion of responses to tho RAO aidi 
with the data divided into five blocks oí 20 trials each. As predicted, tie 
deprived high social-reinforeer group exhibits fewer responses to the high 


erat tite than the oiber three groups, with the largest diferent 


воск Of в тема 
Pre 1 Moss Proportion of response to the mare БЕТЕ sido. 


of the Kruskal-Wallis test and eurves in Figure 1 suggest the Mih 
me rid 
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DISCUSSION 


Was the response of E indeed perceived by the children as negative 
attention? In general, observation of the children's behavior in all con- 
ditions suggested no signs of distress. In fact on Trial 97 for one of the 
high-deprived Ss, E neglected to open the panel and offer the negative 
comment—the child immediately asked, *Aren't you going to tell me I'm 
wrong?" Thus there is no basis for assuming that the children perceived 
Ев comment as negative. On the other hand, with the ex ption of the 
high-deprived group, the Ss showed an avoidance of the ne Шуе comment 
—by the final trial block their choice of the R.80 side averaged approxi- 
mately 90%. How the children perceived E's comment is a matter of 
speculation. There is no doubt, however, that the functional value of the 
mild reproof was to increase the relative frequency of those clearly 
labeled incorrect Tesponses upon which it was contingent, for children 
who highly value social approval, and who were mildly deprived of that 
approval. 

Of further interest is the support offered to the CSD as an instrument 
for at least a partial assessment of relative reinforcing value of social 
approval, and thus of the likelihood that a child may be “mis-taught” by 
negative-attention. 
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A new procedure for toilet training, utilizing the discrimination and 
reinforcement opportunities of a rapid, forward-moving series of training 
events, successfully trained nine profoundly retarded children, Each train- 
ing sequence was initiated by an auditory signal which was activated by 
the flow of urine. The new behavior was successfully maintained in other 
environments when access to a toilet facility was continued. 


The culture has stringent requirements for the disposal of body waste 


and, in consequence, the toilet training procedures of mothers may be 
coercive, restrictive, and punishing. Perhaps one means by which children 


could be spared the stresses, and what are said to be life-long consequences 


which are sometimes assumed to accompany toilet training, would be to 
make the task easier, Paradoxically, however, almost no systematic at- 
tention has been paid to the devising of schema for improving the ef- 
ficiency of the task, i.e., facilitating the formation of the necessary 
discriminations in children. 

An almost universal procedure for training involves the placing of the 
child on a pot and waiting for a toileting event to occur. The obvious 
basis for the method is that without potting the voiding event is usually 
private or concealed by clothing, thus providing no way for the mother 
to effect a training regimen. Successful training at an early age, therefore, 
is dependent first on the coercive restraint of locomotion at the commode 
while the mother observes, and later in the training when the child is not 
potted, on the mother’s high vigilance and sensitivity to subtle cues from 
the child. The mother requires these cues to indicate when she should 
Tush her child to the facility, so that he may learn to anticipate his own 
requirement and thenceforth take himself to the commode. | 

Success in training is adversely affected by the large segments of time 
separating practice of one element of the behavior from practice on other 
elements and by the order of the training events. The training trials of 
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the potting procedure, whether bowel or bladder training, do not lead to 
practice of the toileting behavior in the same temporal Sequence as will 
be required when the training is complete, but will train one or two 
elements of the chain at a time beginning at the terminal end and work- 
ing backward as follows: (1) Potting to control the locus of the final 
event with limited attention to releasing and initiating sphincter control, 
the “turn on-turn off” behavior. (2) Bringing about restraint of voiding 
at all other locations. (3) Indueing movement to the commode when а 
voiding event has begun or appears imminent. (4) Teaching the child to 
manage clothing. (5) Teaching the S to take an appropriate final stance, 

The time elapsed between the first training element and the last element 
is likely to be weeks or months unless training has been deferred until 
the child has sufficient verbal Tepertory that instructions may be given 
to him. In retrospect, the limitations of the maternal training procedure 
seem evident, but they also appear to be surprisingly difficult to overcome, 
Current popular literature (Spock, 1968) and even the scientific or 
relatively systematic literature consists primarily of procedures that 
begin with potting (Cassell and Colwell, 1965; Dayan, 1964; Ellis, 1963; 
Giles and Wolf, 1966; Hunziak et al., 1965; MeGraw, 1940; Pumroy and 
Pumroy, 1965). 


METHOD 

А different procedure. This paper reports field training trials of а new 
procedure for toilet training that changes the emphasis. Rather than 
placing the child on a pot when immediate voiding is unlikely, it appears 
reasonable that the learning to initiate urination, in the proper receptacle, 
could be learned best at those times when reflex voiding occurs. Training 
efforts will be enhanced if this reflex occurs in contiguous temporal 
relationship to environmental events designed to bring urination under 
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the S is approved. (5) After a variable number of trials, the S emits the 
appropriate sequence of toilet behaviors preliminary to voiding, and with- 
out the intervention of the trainer, the auditory signal device is replaced 
with cotton training briefs and the trainer teaches the S to remove and 
replace the pants at the appropriate times. 

To distinguish this training procedure from the potting procedure, it 
will be referred to hereafter as “the forward-moving” sequence. Elapsed 
time in the forward-moving sequence is a matter of a few seconds, for in 
this approach the passive potting procedure is replaced by rapid actions 
of a trainer moving the S quickly in performance of the necessary 
behaviors. Each trial includes practice on most of the elements compris- 
ing the terminal behavior. Step 5 above is an exception as it is not included 
in the early trials. 

Before the trainee can be equipped with the usual undergarments, an 
aspect of step five, he is required to learn to respond appropriately with- 
out the intervention of the trainer. When the S advances to this degree 
of independence, the trainer “fades out” his approach to the S; at first, 
approaching close while beckoning with the hands and calling to the S 
in order to induce walking toward the facility. These prompts are re- 
moved as quickly as the behavior permits. Independent behavior of the 
subject usually requires but a few days, at which time the final element 
of training, clothing manipulation, may be undertaken. Teaching a non- 
verbal human to remove and replace clothing is a difficult task worthy 
of independent investigation. It has been accomplished satisfactorily in 
this toilet training research by superimposing the trainer’s hands over 
those of the subject, making the required movements, and approving the 
S for parallel behavior. 

Probably crucial to the forward-moving procedure is the instantaneous 
detection of reflex voiding. Through the quick actions of the trainer in 
Tesponse to the signal some residual urine remains for deposit at the com- 
mode, so permitting a complete training trial. There are two aspects of 
control over bladder functions which deserve particular mention. When 
the focus of training is the voiding reflex occurring at locations outside 
the toilet facility, a child is required to learn to constrict the urinary 
sphincter or “turn off” the flow of urine, but he must also learn to relax 
the urinary sphincter and “turn on” the flow when he reaches the com- 
mode. The “turn off-turn on" control functions should be practiced in a 
sequence separated by only 3 or 4 seconds so as to be in concert with the 
trainer’s immediate purpose—“don’t do it here, do it over there.” 

These conditions for the practice of valve control are not present in the 
Potting procedure. Under ordinary circumstances where little attention 
is paid to “turn off-turn on” behavior, valve control may not be adequate 
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` to present considerations is the Aspect oí learning M 
initiate the flow of urine. Lovibond comments that there is “the Р 
аччу that oo. Will declare themselves unable € 
on а pot over periods, only to void spontancously almal _ 
immediately after being released." It is reasonable that th: ne 
best when “involuntary” ге | 
places other than the toilet facility so that the “turn off-turs 


ing oceurs in 

tinae vil ie бе баеты practiced in like form to that when the 
A comparative summary of certain aspects of bladder t ining under 

4 common potting procedure and the -moving procedure ш MC 

follows: 

Potting procedure Porward-moving procedure 


1, Child is potted as a first train- 1. Child is given co vironmental - 
ling step and given approval for training signals (discriminative 
So anak dd оніо, ort stimuli) in association with à 
void —whether full bladder and quick movement 

the bladder ie full or not to the toilet facility. 


2 Volding at inappropriate lo- 2, Voiding at inappropriate Me | 
cations is capriciously detected, cations is the focus of training 
disapproved. High Vigilance is always detected, disapproved 
required of tbe trainer. Modest amount of vigilance # 

required of the trainer 

3. First learning is that of releas- 3, Fimt learning — 
ing urine for approval. urinary flow immediately fel 

lowed by learning to rekes 
urine at the commode 

4. Elements of the learning tuk 4 of learning awp 
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large quantities of liquid without spilling. Lowered ind герм 
clothing. Imitative speech, responded to her name and commas 
"stop," and “come here,” 

85—7 увага, female, fair motor capability, Refused water, could held 
сир but always dumped ta on floor, Could remove but aat 


conten’ 
replace clothing. Frequent crying interfered with training. Ne 
but responded to her name and commands “oome here" 
56—8 yours, male, fair motor capabilities, Drank large quantities of 


t 
Ё 
i 
і 
Е 
{ 
! 


57—5 years, male, fair motor capability. Walk unstable, trii falling, 
Held сир without spilling but drank little. Could lower pants bab 
not return. Speech—a few isolated words, Responded to name and 


Subjects! entering behavior, rates of urination were counted 
туучу 1-4 trials, During this period 

were in cotton training briefs and upper garments only; placed 
three at a time in а room where they could more shone freely, and ob 
sarved dally lor 3-4 hours; а period of time equal to thet of the training 
follow. Induced consumption of liquide was a part f baseline procedure 
well as the training procedure in order to iperease the {requeney of 


Were recorded at one of six levels of response 
Меса ейел! to those used for recording the Its of training (ae 
Table 1, The ТИЙИШИ). Low] трган the кайлы atris i 


ing without prompta. Pour intermediate represented imatiots 
Vo the termina! behavior. ij Ет 

The nine subjects on whom measures produced а bascliae 
total of 311 level-l events and sx level. event eh а Бева 
behavior represented. Seven Ss performed entirely ai level. 1 during МОЕ 


| 
] 
| 
: 
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RESULTS 

S1 reached criterion performance of toileting behavior (level-6) in 
training hours distributed over five sessions. Criterion perform 
included self-initiated walk in without prompts, controlled voiding fi 
a standing position and management of clothing. At the beginning 
fifth session, the signal-generator-training-pants apparatus was гер 
by standard cotton briefs. On this day there were eleven events at le 
and one event at Іеуе]-4. Among the nine trainees, this S demonstrated: 
most dramatic attainment of proper toilet habits as shown by the 
upward sweep of the data from level-1 to level-6. Table 1 shows the 
recorded for this subject and the progress of training. Each entry in| 
table refers to а urinary event. The entries are numbered sep: rate 
each day of training according to the order of their occurrence 
the third event of the day. Figure 1, 51 shows, in graphic form, ‘he 
in performance and its maintenance over 5 days. 

The same data record as that obtained for S1 (Table 1) was emplo 
also for Ss 2 through 9. Liberty has been taken however, to convert: 
data from these tables to line graphs, disregarding the ordinal nati 
the data. Figure 1, which presents the line graphs, is based upon р 
points obtained by averaging within levels-1 to 6, the learning trials of | 
single child for 1-day's performance. 

Acquisition data for S2 аз given in Figure 1 reveals that 13 sessi о 
a total of 44.5 hours were required to attain level-6 performance, TI 


Acquisition of toilet habits in S4 was without unusual incident. Le 
6 was attained in 12 days and maintained for 2 months following the 
session. Though this child Was possessed of imitative speech (echolalis 
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TABLE 1 
THE TRAINING or SuBjECT-l 


Time—hours 1.41] 5.00] 4.75| 4.33 | 3.33| 2.75 | 4.25] 4.50| 4.08] 4.50| 1.58 
Fluids con 65 | 105 | 150 | 107 | 145 | 110 | 97 | 80 | 90 | 80 | 80 
sumed——ozs. 


Daily sequence of urinations under training conditions 
Response Day 
categories 1 2 3 4 5 жасу жыты wg Vado 


6. Walk-in, 
remove 
clothes, 
urinate, No 
prompt 

5. Walk-in, 
remove 
clothes on 
command. 


urinal into 
commode, 


3. Gestural 
signal from S, 
then urinate 
on floor, 


2. Urinate, 1 
part on 2 
floor, part 
in commode. 

—— — uU 

1. Urinate on 
floor. 


the speech did not prove to be exploitable in the trai e plura 
after training ceased, accidents began to occur which the parent а 
to inconsistent actions of a day-care babysitter. 

S5 required the use of the signal generator for 15 avide фи т. 
Well have been more rapid had it not been for a low density o 
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LEVELS 


в 
54 51 
4 
3 
2 
1 
6 
5 J S2 
4 
3 
2 
1 
6 
$] 53 ^^" 
4 
3 
2 
i 
6 
54 54 
4 
3 
2 
1 
5] Ss 
4 
3 
2 
f 
-—-—— 
6 
5] Зв 
4 
3 
2 
1 
6 
5] 97 
4 
3 
2 
] 
6 
s] Se 
4 
3 
2 
I 
6 
s] S9 
4 
3 
2 
1 
| 23 4 5 6.78.9 юе Е таю 2021 22 23:55 


DAY 
Fic. 1. The acquisition of toilet behaviors in nine mentally retarded children. 


b. > 


NEW PROCEDURE FOR TOILET TRAINING 157 


trials in consequence of low consumption of liquids. In the posttraining 
period of 5 months, appropriate toilet behaviors remained intact except 
for a 3-day period when accidents occurred and the parent reinstated 
portions of the training procedure for a few trials. 

S6 was walking into the facility and completing urinations through the 
urinal into the commode after 3 days of training. Fifteen days were 
required to reach criterion behavior. Appropriate behavior was maintained 
in the posttraining period except that in the third month some inap- 
propriate behavior recurred. During that period while the subject con- 
tinued to manifest appropriate behavior, the mother began to prompt the 
child to go to the facility. This soon led to dependence on prompting. 
When the mother desisted, the problem was resolved. 

S7 attained level-6 performance in 7 days. No unusual episodes occurred 
in the training and the behavior continued in the posttraining period. 
For a brief time a problem arose parallel to that with S6 when prompt- 
ing from the mother disturbed the autonomy of the behavior. Again when 
the mother desisted, the problem was resolved. 

Acquisition of level-6 behavior occurred for S8 on the ninth day and 
the behavior has been maintained to the present (one month) at which 
time some accidents are appearing. 

Criterion was reached by S9 on the fifteenth day. A month following 
the last training session the behavior was intact. 


DISCUSSION 


Limitations on training without potting and without a signal generator. 
Systematic study of the performance of humans detecting minimal signals 
from visual displays reveals substantial incompatibility of the human and 
the task. Attentional lapses are common even when the vigil is limited 
to brief time periods (Buckner and McGrath, 1963). The visual sense 15 
better suited to the presentation of complex messages when there 18 no 
time urgency in the transmission and the receiving human is free to 
maintain a visual posture. The aural channel, on the other hand, 18 
particularly suited to simple messages requiring instantaneous detection 
and the suitability is still greater when the receiving human 18 unconfined 
or engaged in irrelevant activity, as mothers normally are or prefer to be 
(Chapanis, 1966). xd 

In this light consider the immense history of toilet training 88 © 
domestic practice. Mothers everywhere have practiced it for centuries and 
the potting method which has survived has а substantial rational justi- 


Six levels of response adequacy, identical to those in Table 1, are en ar 
subject, A point on any one of the line graphs is an average of 1 day’s perform: 
for a single S. 
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fication. However, the nature of eliminatory processes and human 
ecology (use of clothing, stationary toilet facilities) being what they are, 
the mother has few options as to training method. Since the eliminatory 
event is generally concealed from rapid sensory detection, the mother 
does what these circumstances permit. She pots the child a keeps a 
visual vigil. The odds are against her accomplishing the task efficiently. 

On several occasions, the senior author attempted toilet training by 
the “forward-moving procedure” without the use of the auditory signal 
generator; that is, by visual vigilance only. It is very difficult to do this, 
even for so short a period as 5 minutes, for the trainer must be closely 
attentive if he is to act quickly enough to complete a training trial. 
Several opportunities for training trials were missed in spite of firm 
intentions. 

Maintenance of behavior. There is reason to believe that maintenance 
of appropriate toileting behavior is dependent upon the degree to which 
parents and attendants expect the child to manifest the behavior and 
intervene only if the child fails to perform as expected. If caretakers 
revert to earlier prompting or potting procedures, the behavior breaks 
down. Toileting behavior is dependent also upon having free access to a 
toilet. Sl, for example, was resident in an institution where he was 
confined within the locked doors of a ward for the most disturbed children 
in the institution. Since that ward had no toilet facility freely accessible 
to its residents, S1 could not manifest the behavior of which he was 
capable. Demonstration to institutional personnel that the child was 
capable of toileting self-care was regarded as an unexpected curiosity but 
had no effect on the practice of diapering all children in that ward, 
including S1. In one case, S residing at home, the parent kept the bath- 
room door locked because the child played with the objects found there. 
The very adequate toileting behavior obtained in training sessions was not 
reinstated in the home until the bathroom was cleared of extraneous 
objects and the door could be left open. The training of parents and 
attendants to maintain the behavior taught in the training sessions is а 
separate problem which requires additional investigation. 

Reinforcement and information in toilet training. Diurnal toilet train- 
ing requires the learner to perform a complex sequence of behaviors. In 
order to fulfill what is expected of him the learner requires considerable 
information. It is on this point that the potting procedure for toilet train- 
ing has a severe limitation. Common Practice frequently calls for rein- 
forcing children with approval and sometimes with sweets when, after 
a wait at the commode, they eventually void. Even though the reinforcer 
is immediately contingent, it provides only a limited amount of infor- 
mation to the learner. He may be informed that the terminal voiding act 
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is approved but such reinforcement is little help in approving those 
required responses that are preliminary to the terminal voiding response 
such as restraint of reflex voiding, going without prompts to the toilet 
facility when the need arises, and removing and replacing clothing with- 
out soiling. Similarly, changes in quantity or quality of reinforcement 
y to benefit the learning. What the learner requires is quick 
practic the entire behavior sequence. From the rapid performance and 
consequent social approval sufficient information is provided to the 
learner to allow rapid formation of discriminations. Social approval, 
sometimes regarded as a relatively weak reinforcer, proved in this study 
to be quite adequate and no necessity arose for the use of consumables 
as reinforcers. Reconceptualizing the task in terms of the informational 
content which may be available under potting conditions and under the 
training conditions described here is a probable basis on which to account 
for the rapid learning of toilet habits in this study. 
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A Developmental Study of Hypothesis Behavior 
and Focusing! 


PETER D. Eras 


Brown University 


Children from Grades 2, 4, 6, and 8 and introductory psychology students 
were administered eight 16-trial hypothesis testing problems. The stimuli 
and procedure closely followed those used by Levine (1966), The major 
findings were as follows: (a) Ss from all grade levels formulated and used 
hypotheses reliably; (b) the extent to which hypothesis behavior was 
manifested increased significantly with developmental level; (c) the ability 
to predict outcome-trial responses from the blank-trial responses was also 
significantly related to development; and (d) focusing or information 
processing ability was differentiated by age, although only for the blank- 
trial sequences after the second and third outcome trials. Further analyses 
of the age-related difference in the focusing functions revealed that the 
general effect due to development could be explained by age-related differ- 
ences in such processes as coding, recoding, and the retention of stored out- 
come information. 


Levine (1963, 1966) has presented a methodology for the study of 
hypothesis behavior and focusing within the context of discrimination 
learning that provides simple and direct measures of both forms of 
behavior. However, in order to facilitate the understanding and expli- 
cation of the procedure, a brief description of the rationale or model 
underlying Levine’s methodology will be presented prior to the method- 
ology itself. Levine has assumed that in a discrimination learning 
situation, S will select some attribute or feature of a multidimensional 
stimulus array and predict that this is the correct or relevant feature and 
respond accordingly. This selected attribute is what Levine has defined 
as an hypothesis (H). Levine has further assumed it to be one form of 
mediational response that can control or guide instrumental responses of 
choice. By instructions and pretraining the set of Hs from which $ 
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samples is made finite and known to E. Measurement of a particular 
H without the confounding effects of reinforcement and nonreinforcement 
is possible, since Ss had been found to maintain the same H across 
consecutive nonoutcome (“blank”) trials. This phenomenon has been 
termed the “Blank Trials Law" (Levine, Leitenberg, and Richter, 1964). 
In other words, after no outcome S behaves as if E had said S were cor- 
rect in that he retains and uses the same H again. 

As for aetual procedure, Levine (1966) presented his Ss with a series 
of 16-trial problems in which sets of four blank trials were bounded by 
outcome trials. The stimuli were four-dimensional patterns with two 
levels or values along each dimension. With four-dimensional bivariate 
stimuli there are eight different stimulus arrays possible, four of which 
are shown in Figure 1. The remaining four are constructed by reversing 
the left-right positioning of the two stimulus patterns within each card. 
Each set of four stimuli is internally orthogonal: Hach level of every 
dimension is paired exactly twice with each level of every other dimension. 

A typical problem of 16 trials uses one set of four arrays for the out- 


HYPOTHESES HYPOTHESES, 


RED | S LEFT 


Fic. 1. The eight response sequences defining the ei 
when the four stimulus arrangements are administere 
outcome information. 


ight simple Hs available to 8 
d consecutively and without 


' Trial 16 is technically not an outcome trial, since an outcome wis not always 


given. On half of the trials, the S was told he was correct and on the remaininé 
half nothing was said; ie, it was a blank trial. However, since this trial use 
stimuli from the same set as the other outcome trials and since positive бсо 
were sometimes given, it will be referred to аз an outcome trial. 
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come trials, Trials 1, 6, 11, and 16, and the second set for the blank-trial 
Sequences, Trials 2-5, 7—10, and 12-15. If we assume for purposes of 
explieation that the stimuli shown in Figure 1 represent a set of four 
blank trials, then the subject's hypotheses may be shown to be easily 
measured. Any pattern of responding matching one of the eight patterns 
shown in Figure 1 by definition corresponds to one of the cight simple 


Hs available. For example, a sequence of left, right, left, right would 
define the H red. Response patterns not conforming to those shown, any 
pattern of three lefts and one right or the converse, are assumed to occur 
through error. Thus, by analyzing the response sequences on blank trials, 
evaluation of the extent to which Ss employ Hs can be made 

As for S's efficiency in focusing or processing information, this can be 
assessed in the following manner, Assume now that the stimuli of Figure 
1 represent outcome trials. If S chose the left stimulus of the first pair 
on Trial 1 and was informed that he was incorrect, then four //s would 
be logically correct and four incorrect, the correct, four being right, small, 


blue, and O. To determine whether the subject has utilized the outcome 
information and to what degree is simply a matter of determinin g the H 
on the next set of blank trials and measuring the proportion of instances 
of correspondence between the subject’s H and the set that is logically 
correct. This process is repeated for the first three outcome trials. Because 
of the orthogonality of the outcome stimuli, the number of logically cor- 
rect Hs decreases by one-half after each outcome trial, this being the 
case regardless of either the S’s response pattern or the sequence of rein- 
forcement. 

With college students as Ss, Levine (1966) found that the proportion 
of blank-trial responses matching the eight hypothesis-defining response 
Sequences was 9275. In addition, Ss were able to process information quite 
efficiently, though not perfectly. To what extent developmentally less 
mature individuals would be able to formulate and use Hs, as well as 
focus, is not known at present. It was toward these problems that the 
present study was directed. 


METHOD 

Subjects. The Ss were 128 boys and girls attending Grades 2, 4, 6, and 8 
in the public schools of Highland Park, New Jersey. Thirty-two Ss were 
drawn from each grade. A summary of their characteristics is shown in 
Table 1. In addition, 32 girls from the introductory psychology course 
at Douglass College were tested. 

Stimulus materials. The experiment consisted of a series of 12 problems 
—four practice and eight experimental. А] problems were four dimen- 
sional with two cue values along each dimension. The dimensions were 
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TABLE 1 
SAMPLE CHARACTERISTICS 
CA (months) MA (months) 19 
Grade x SD X SD 2x SD 
2 93 5.08 98 10.30 105 11.36 
4 118 6.33 123 13.70 105 12.80 
6 139 6.16 152 17.30 110 14.69 
8 162 5.44 185 18.17 113 11.24 


color, letter, size, and position. Twelve different colors and letters were 
used. Each was used twice in different randomly determined combinations. 
The stimuli were constructed by eutting 1- or 1/2-inch squares from 
Bourges Cutocolor sheets and attaching them to 3 X 5 cards. Onto the 
squares were attached black Letraset letters either 3/4- or 3/8-inch in 
height. 

Procedure. Each S was tested individually. In order to insure that S's 
set of potential Hs conformed to the eight simple Hs shown in Figure 1, 
detailed instructions, similar to those used by Levine (1966), were given. 
The only major differences were an attempt to simplify the language for 
the younger children and to emphasize repeatedly that “. . . one of the 
two colors, or letters, or sizes, or positions is always correct." 

After the instructions, the four practice problems were given. The first 
two problems consisted entirely of outcome trials, In Problem 1, size was 
the relevant dimension, while color was relevant in Problem 2. On the 
third and fourth practice problems, the blank-trials procedure was 
introduced with the following instructions: 


"In the last problem I said right or wrong after each card. In the 
remaining problems I will not always tell you whether you are right 
or wrong. After some cards I will say nothing. Don’t let this bother 
you. Just try to be right all the time. Remember you are still to try 
and learn which of the colors, or letters, or sizes, or positions is the 
correct опе,” 


The relevant dimensions were letters and position in Problems 3 and 4, 
respectively. The Ss were trained to a criterion of six consecutive correct 
Tesponses on each practice problem. If an S failed to айаш eriterion 
within 16 trials, hints were provided; e.g., ^Why don't you try one of the 
colors?” In this manner all Ss received practice in using each of the 
dimensions and in using simple attributes for solution. : 

After completion of the practice problems, the eight experimental 
problems were begun, each being preceded by a reminder that Æ would 
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not always tell S whether he was correct or not and that it was one of © 
the colors, ete., that was correct. Each experimental problem had exactly 
16 trials, and consisted of four outcome trials, occurring on Trials 1, 6, 
11, and 16, and 12 blank trials, arranged in sets of four and presented on 
Trials 2-5, 7-10, and 12-15. Each set of blank trials had a different 
random order. One set of internally orthogonal stimuli was used for the 
outcome trials and the other for the blank trials, thereby insuring that 
specific stimulus arrangements used on the blank trials were never 
reinforced. 

The Е said right or wrong on the first three outcome trials according to 
a prepared schedule. Each of the eight possible orders of right and wrong 
was used once per subject. The eight orders were assigned to eight dif- 
ferent problems for each eight Ss forming 8 X 8 Latin squares. The H's 
response to the last outcome trial was either correct or blank, each oc- 
curring randomly and equally often. 

On all trials, Ss were required to point to one of the two stimulus pat- 
terns on each card that they believed to be correct, At the" conclusion of 
the experiment, the children were rewarded with a pen or package of 
Charms, 


RESULTS AND DISCUSSION 


Blank-trial data. There are two classes of response sequences from the 
sets of blank trials: One corresponds to the eight simple Hs and the other 
corresponds to the eight, 3-1 patterns of lefts and rights not defining & 
simple H. Each S received 24 blank-trial sets. The mean percentages of 
response sequences conforming to the simple Hs were 71, 73, 77, 79, and 
88% in order of increasing developmental level. Each of these scores 
differs significantly from 5026; ie, the expected score had Ss been 
randomly generating responses rather than responding systematically 
in terms of Hs (t> 9.00, р < .001, in each instance). A single-clas- 
sification analysis of variance performed on number of Hs revealed 4 
significant effect due to age at better than the .001 level (F = 84, df= 
4,155). Individual comparisons among groups revealed no reliable dif- 
ferences between Grades 2, 4, and 6. The eighth-grade children formed 
significantly more Hs than did the second and fourth graders. The col- 
lege students performed reliably better than all other groups. Further- 
more, the college students of the present study formulated Hs at very 
nearly the same rate as did the Ss in Levine's (1966) original study, 88 
vs. 92%, respectively. 

Levine has assumed that non-H response patterns are a result of error 
in attempting to formulate Hs, and not a result of random responses by 
Ss. He further assumed that there will always be some small probability 
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of error on any trial. Given that the college students had 1296 of their 
response patterns in the 3-1 category, the error rate per trial is then 8% 
(that is, each response sequence involves four trials of which only one 
is assumed to be an error). The error rate per trial increases from this 
figure to a maximum of 7% for the second graders. 

Another measure of the extent to whieh Hs determine choice responses 
is the E's ability to predict outcome-trial responses on the basis of the 
blank-trial data. For example, if an S showed a pattern of responses 
defining the H red, then on the succeeding outcome trial one would expect 
a choice response to the stimulus pattern containing red, Selection of the 
red stimulus in this instance defines a correctly predicted outcome trial. 
The mean percentages of predicted outcome trials were 74, 67, 78, 88, and 
95% in order of increasing development. Once more each of these scores 
differs from the chance expectation of 50% (f > 3.8, p < .001, in each 
instance). A single-classification analysis of variance was performed on 
the percentage of correctly predicted-outcome trials normalized by the 
arc-sine transformation. The developmental effect was highly reliable 
(F = 12.9, df = 4,155, р < .001). Individual comparisons revealed all 
comparisons to be significant except those between the second and fourth 
and the second and sixth grades. 

Comparison of the blank-trial data with the predicted-outcome seores 
reveals an inconsistency. The erroneously predicted outcome trials can 
be considered an estimate of the error rate per trial. As is apparent, this 
estimate for the three younger groups (about 25%) is considerably higher 
than the error rate obtained from the blank-trial data (about 6-7% for 
the same age groups). The differences in error estimates for the eighth 
graders and college students are smaller, being approximately 7 and 1%, 
respectively. To reconcile this inconsistency, the entire series of blank 
trials could be treated as a whole and a non-H pattern treated as a.single 
error. This reasoning reduces the difference between error estimates to 
about 5%. Alternatively, it could be assumed that developmentally less 
mature Ss may at times tend to forget from trial to trial the H previously 
used. Evidence supporting a memory deficiency in younger children will 
be discussed later. It is of interest to note, however, that this assumption 
can account in part for two other findings that were at variance with 
Levine’s (1966) data, namely, the effects of outeomes on the retention 
4nd elimination of Hs. T 

Levine found that a positive outcome resulted in Ss repeating the 
Previously tested H with a probability of .95, while after а negative out- 
Come tria] the probability of repeating the preceding Н was only .02. In 
the present study, after a positive outcome trial the college students 
tended to repeat the previous H, the probability of this event being 
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slightly better than .90. However, this probability decreased significantly, 
with decreasing age, reaching about .60 for second graders (F = 7] 
df = 4,155, p < 01). After a negative outcome trial, the probability — 
a repeated Н was .08 for college students, .15 for fourth, sixth, and eight 
graders, and .18 for second graders, The differences were not significan. 
however, in as much as the majority of the 160 Ss either never repeater 
an H after a negative outcome (85 Ss) or did so only once (51 Ss). 

The failure of the younger Ss to replicate the earlier findings of Levin: 
with regard to these measures does not preclude further analyses of mon 
complex functioning; i.e., focusing or maximally efficient information 
processing. However, this failure does demand that explanations of any 
obtained discrepancies from an ideal information processing model also 
account for the differences in H behavior after outcome trials, | 

Focusing. The measure of focusing or information processing is essen- 
tially a measure of the extent to which Ss are able to utilize the outcome 
information on the blank trials. As was explained above, after the first 
outcome trial, four Hs are defined as logically correet, regardless of either | 
S's response or the outcome. Two Hs are correct after the second out- | 
come trial, and one Н after the third outcome trial. If one finds the | 
proportion of instances in which a subject/s Н corresponds to one of the 
set of logically correct Hs, it is then possible to determine the actual size 
of the hypothesis set, from which the subject is sampling. The equation 
is simple: The proportion of correct Hs equals the number of logically 
correct Hs (four, two, or one) divided by the actual size of the hypothesis 
set from which the subject samples. The latter term is the single unknown 
in the equation. 

In computing the proportions of logically correct H s, we have restricted 
our sample to those Hs occurring after negative outcome trials. The 
reasons for this decision are twofold. First, after a positive outcome 8% 
do tend to repeat the same H and this may artificially improve the mea- 
sure of information processing. Second, by using Hs only after negative 
outcomes a test of two ideal or limiting models of information processes- | 
ing is possible: Restle's strategy selection model (Restle, 1962) and the 
information processing model outlined above, which is very similar to 
the focusing strategy described by Bruner, Goodnow, and Austin (1956). 

The Restle model makes the assumption that S samples one strategy: 
(hypothesis) from a set of Strategies (hypotheses) and after а wrong 
response; i.e., negative outcome, resamples but only after returning the | 
incorrect strategy to the set of strategies. The Restle model thus leads 
to the prediction of no systematic reduction in the size of the set of 
hypotheses after negative outcome trials, 

The first panel of Figure 2 shows the predicted functions for the tW? | 
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Fic. 2. The size of the H set from which Ss are sampling after а negative outcome 
trial as а function of age and the blank-trial sequence Hi, Hs, and Из. 


models—replacement and focusing. The remaining panels depict the size 
of the H set from which each H is sampled after negative outcome trials 
as a function of grade level. As is apparent, none of the functions matches 
the replacement model at all points, and only the college population 
generates a function approximately the focusing strategy across all me 
Hs. Statistical analyses revealed that the replacement model may be 


‚ rejected as describing the information processing strategy for all Ss at 


Н, and for the college students, sixth, and eighth graders at H+. However, 
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at Hs only the college students attained information processing scores 
reliably different from those generated by the replacement model. Thus, 
the younger Ss generate information processing functions for the mo: ] 
part somewhere between the two limiting models. It is also of interest 
io note that while the college students were not perfect focusers, their 
data replicated closely the earlier findings of Levine (1966). The remain- 
der of the paper will be devoted to examining in more detail the develop- 
mental differences and to developing an explanation for the relatively 
poor performance of the younger Ss in focusing over a series of outcome 
trials. 

Examination of the information processing data point by point, that is, 
for each H after successive negative outcome trials, lends support to the 
contention that young children can focus to some extent. A separate 
single-classification analysis of variance was performed on the percentage 
of Hs corresponding to each of the logically correct set ої Hs. The scores 
were normalized by the arc-sine transformation. The size of the H set 
after the first outcome trial does not differ significantly among groups, 
although the college students did perform best and the second and fourth 
graders worst. The size of the H set from which these subjects sampled 
was 4.9, 5.7, and 5.8, respectively. After the second outcome trial, there 
was a reliable difference due to age (F = 11.3, df = 4,155, p < 001). 
Individual comparisons among grades revealed the second and fourth 
grades to be reliably lower in performance than the sixth grade which 
was in turn not different from the eighth grade. The college students did 
significantly better than all other groups. After the third outcome trial, 
the results were again reliably differentiated by age (F = 9.3, df = 4,155, 
р < .001). The significant individual comparisons were that the second 
graders performed worse than the sixth graders and the college students 
did better than all other groups. An overall analysis of these data, 
groups X hypotheses, yielded a significant interaction between these 
variables (Р = 2.21, df = 8310, р < .025), thereby confirming the 
marked differences in the shape of the functions with age that are ap- 
parent from inspection of Figure 2. 

The focusing data indicate that Ss, while entertaining a single H, often 
apply information concerning its correctness not only to that H but also 
to other attributes (Hs) correlated with the tested H. The extent to which 
Ss are able to do this, however, is limited by developmental level. 

The problem now remains to explain the considerable differences in the 
focusing functions associated with developmental level. It is possible to 
appeal to a stage-like progression in focusing ability, using as evidence 
the marked discontinuity in the shape of the obtained focusing functions. 
However, an appeal of this nature would be more descriptive than 
explanatory. A more meaningful approach would be to explicate the 
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Ї 
A specific processes necessary for successful focusing and to evaluate them 


و 


with respect to developmental level. 


Levine (1966) has offered an outline of a theoretical model deseribing 
the processes or psychological mechanisms involved in focusing. The dis- 
cussion below will draw heavily on this outline. 16 is assumed that on 
an outcome trial, S codes the stimulus of choice; e.g., large, red, S on the 
left, by means of some perceptual or implicit verbal response. On being 
informed that his response was correct, the coded information then be- 


comes the set of functional Hs. Upon being told that the response was 
incorrect, S must recode, that is, code the information in the unselected 


stimulus (small, blue, O on the right) and use this information as the 
functional // set. In order to focus efficiently across outcome trials, at 
least two additional processes are necessary: (a) Retention of previously 
coded or recoded information and (b) the ability to code (recode) only 
the intersect of the previous functional Н set and the present stimulus. 

With the present data it is possible to examine some of these processes 


for evidence of developmental differences, First, there is the coding 
Process as measured by Hs that are consistent with the immediately 
Preceding positive outcome trial. Second, there is the recoding process 
às measured by blank-trial responses that are consistent with the preced- 
ing negative outcome trial. An H response that is consistent with the 
preceding outcome information has been termed local consistency (LC). 
Third, there is the retention of previously stored information. For present 
Purposes this has been defined as Hs that are consistent with outcome 
information one or two steps removed; that is, the extent to which the 
functional H set obtained from the second set of blank trials (H;) is 
consistent with the first outcome trial (0,) ог Н, is consistent with O» 
or 0,. Consistency with respect to outcome information one and two steps 
Temoved will be referred to as LC-1 and LC-2, respectively. 

Figure 3 shows the mean correct percentages of Hs for each of the local 
consistency measures as a funetion of the set of blank trials and age. 
The difference in ability to utilize positive as opposed to negative outcome 
Information was reliable for both group and individual comparisons. For 
example, of 30 possible group comparisons (six within each of five devel- 
"pmental levels), 29 showed a difference of at least 5% favoring positive 
outcome information (p < .001) and of these, 15 showed a difference of 
Steater than 10%. Moreover, there was no systematic change in the 
magnitude of the differences with age; the mean differences were 9.2, 
120, 103, 15.2, and 11.7% in order of increasing age. With respect to 
individual performances, 125 of 160 Ss performed at a higher level after 
Positive outcome trials (р < .001) with no reliable differences in fre- 


' Quency as а function of age. 


For all three LC measures, analyses of variance, performed on the 
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HYPOTHESIS SET 
‚К. 3. Mean percentage Hs consistent with the immediately preceding outcome 
trial (LC), the outcome trial one step removed (LC-1) and two steps removed 
(LC-2). Hs, H», and Н, represent the Hs given to the first, second, and third sets 
of blank trials. The vertical lines drawn at the initial point of each function show 
the mean differences in performance between positive (O+) and negative outcome 
trials (O—). 


transformed percentage scores, revealed reliable improvements in pe! 
formance with increasing age (F > 9.0, df = 4,155, р < .001, in all 
instances). In general, individual comparisons revealed the following: (8) 
The second and fourth grades did not differ reliably, but both groups di 
significantly poorer than all other age levels; (b) Grades 6 and 8 wet? 
not significantly different from each other but did differ significantly 
from the college students. In the LC-1 condition there was some indication 
of a change in slope with changes in developmental level (F = 2.8, df ^ 
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4155, p < .05). However, the slope variations were not systematically 
related to age and interpretations are, as à consequence, difficult, In sum- 
mary, the LC data analysis indicated that the ability to code and recode 


information with reference to the immediately preceding outcome trial 
increases with developmental level. Analyses of the LC-1 and LC-2 data 
indicate that retention of previously stored information is likewise a 
positive function of developmental level. 


Further evidence of retention effects may be seen in Figure 3 in the 
overall decrement in performance with the remoteness of the outcome 
information. Statistical confirmation of this observation was obtained by 
an analysis of variance performed on the Hs data, normalized by the arc- 
sine transformation. The effects of both age and degree of remoteness were 
reliable at better than the .001 level (Р = 21.1, df = 4,155, and F = 
20.0, df — 2,310, respeetively). Individual comparisons revealed the LC 


condition to be reliably better than either the LC-1 or LC-2 conditions, 
with the latter two groups not differing significantly. With regard to 
individual grade differences, there were three nonsignificant comparisons, 
those between Grades 2 and 4, 6 and 8, and between Grade 8 and the 
college students. However, the latter compárison just failed to attain 


significance, The interaction of these variables, age and remoteness or 
LC condition, failed to approach statistical reliability. 

The analysis of focusing behavior into component processes has 
revealed that the relatively poor performance on a complex task by 
developmentally less mature subjects may have been substantially the 
result of a summation of deficiences of degree in component processes. 
That is, the rather orderly decline in focusing with decreasing age was 
mirrored almost perf ectly by an orderly decline in the individual processes 
of coding, recoding, and retention of coded information. Indeed, were it 
Possible to measure each of the component processes, it does not seem 
unreasonable that a quantitative account closely approximating the 
changes in focusing behavior with age would be available. Moreover, 
this manner of approach to complex behavior, similar in principle to that 
offered by Gagne ( 1968) for conservation problems, provides a more 
detailed and complete explanation than do models that posit the 
Telatively sudden appearance of new and qualitatively different abilities. 
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Stimulus Complexity as a Determinant of Visual 
Attention in Infants! 


ADRIENNE МОЕЕЕТТ? 
McMaster University 


The length of time that infants fixated patterns of varying complexity 
was studied in a series of experiments using stimuli made up of black lines 
on a white ground. In Exp. I, the effects of the number of horizontal lines 
and the regularity of their arrangement was examined. In Exp. II, the 


arrangement of the lines was varied while keeping the number of resulting 


white rectangular spaces constant. Experiment III served as a control for 
the introduction of vertical lines in the patterns of Exp. П, In Exp. IV, the 
number of white rectangular spaces was varied while keeping the number 


of lines constant. The results of these studies showed that infants looked 


longer at patterns with a greater number of lines, regardless of whether 
they were arranged regularly or irregularly, and the number of white 
rectangula aces created by the lines was a particularly important deter- 


minant of visual attention. 


Many attempts have been made to determine visual preferences in 
infants, but there have been problems in isolating the critical stimulus 
Properties. Several studies have been concerned with presenting stimuli 
which vary in shape, (Fantz, 1958, 1961; and Spears, 1964), and the 
complexity of the patterns has been suggested as an important parameter 
Which attracts attention in infants (Berlyne, 1958; Е antz, үй E 
Hershenson, 1964). There has not always been agreement in defining the 
Complexity of the stimuli, but from direct experimentation and from 
Post hoc interpretation of the above experiments on shape it appears that 
infants may pay more attention to those stimuli made up of a larger 
number of separate “parts.” 4 

Some recent work concerned with isolating stimulus properties m 
employed modifications of an apparatus used by Staples (1932) in which 
the stimuli are presented in pairs, and the infants’ preferences are deter- 
mined either by the direction of the first glance (Berlyne, 1958) or by fe 
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length of fixation (Fantz, 1958, 1961; Hershenson, 1964). In the prese 
study the length of the visual fixation is used to determine the im 
preferences, but the stimuli, although shown two at a time, are pre 
in such а way that one of each pair is the patterned stimulus а 
other is a control blank. This has the advantage of giving an ab 
measure of preference for each stimulus. 

In this study, complexity has been varied in terms of the number 
parts; that is, number of lines and number of white rectangular spa 
created by these lines, in four separate experiments. 


METHOD 


Subjects. Physically normal infant Ss were volunteered by their pam 
who were paid for participation in the experiment. Age was the с 
used for choosing the Ss: Their names were obtained from the 
Announcements column of the local newspaper. Those S's who 
to complete the experimental series because of crying or falling | 
were disqualified, Different groups of Ss were used in the inter-ob: 
reliability study and in the four experiments to be described, A 
volved the same apparatus and general procedure. T 

There were 10 Ss in each experiment. The age range at the J 
testing was 10-14 weeks in Exp. I; 9-19 weeks in Exp. II; 11-15 we 
in Exp. III; and 10-17 weeks in Exp. IV. 

Apparatus and general procedure. The apparatus was a modii 
version of the “baby box" used by Fantz, Ordy, and Udelf, ] 
Details of this and the general procedure are described by Saayn 
Wardwell-Ames, and Moffett, 1964, ‚ 

All infants were placed face-up in the crib by their mothers. 1 
crib was then rolled under the chamber to a position where the infa 
head was directly below the point at which the stimulus patterns 
to appear. The patterns were not visible to the infants at this 
because they were covered by a blind. When tke observer had 
through a peep hole in the lid of the chamber, that the infant had | 
up at the center hole in the blind, this latter was released aní 
stimuli each 6 inch square were exposed, thus beginning a trial 0 
second duration. In each trial one stimulus was a blank white са 
the other was the stimulus pattern composed of 1/8-inch wide str 
black lines arranged in different ways depending on the experi 
Each was paired twice, once on the left and once on the right with 


compared with each other. 
The patterns reflected on the cornea of the infant’s eye. Wher 
eye was directed towards a particular stimulus, the image of that pat 
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overlapped the pupil as seen through the peep hole. This overlap of 
image and pupil was the criterion of fixation. An observer recorded the 


amount of time that each stimulus was fixated. The blind was drawn 
back at the end of the 30-second trial. There were two Es who worked 
independently throughout, one inserted the stimuli and the other recorded 
the length of visual fixation. 

The amount of time spent looking at each of the stimulus patterns was 
converted to а percentage of the total time spent looking at that stimulus 
and at the control blank. An analysis of variance was performed on 
these percentages (Winer 1962). 

The details of the patterns used in the various experiments will be 
described under the Results; however, the stimulus patterns are shown in 
Figs. 1-3. 

A previous separate study had been performed to test for inter- 
observer reliability using 10 Ss ranging in age from 11-15 weeks. The 
apparatus was the same as in the other experiments except that the 
center portion of the chamber ceiling was replaced by a window which 
allowed two Es to record independently the length of time that the 
infants fixated patterns consisting of formalized faces (Fantz, 1961). 


An agreement score was calculated by counting the number of seconds 
рег 30-second trial that the two observers agreed. The scores were 
totaled and converted to a percentage of the total stimulus presentation 
time. The percentage scores showed that the two observers agreed 94% 
of the time during 60 trials of 30-second duration. 

Stimulus material. Experiment I was designed to investigate the effects 
of two variables, number of parts, and regularity of arrangement of 
these parts on visual attention in infants. There were four stimulus 
patterns (see Fig. 1). Two of these were composed of 5 lines and the 
other two of 11 lines. Within each set of two, one contained the speci- 
fied number of horizontal lines arranged so as to divide the available 
Space equally. The other contained the same number of horizontal lines 
but these were arranged irregularly. 5 

Experiment II investigated further the arrangement of the lines as а 
determinant, of visual fixation in infants. There were six stimulus pat- 
terns (see Fig. 2). Three of these were composed of 5 lines and three 
Were composed of 10 lines. Within each set of three, one of the patterns 
Contained the specified number of horizontal lines, one contained 5 
Single vertical line bisecting the remaining horizontal lines perpendic- 
ularly, and the third pattern contained the number of vertical lines that 
maximized the number of blank spaces (three vertical and two hori- 
Zontal for the five-line pattern and five vertical and five horizontal 
for the 10-line pattern). In each case the lines were arranged sym- 
metrically, both in the horizontal and vertical dimensions. 
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Regulor stimuli Irregular stimuli 
Stimulus I Stimulus П 
5 Lines 
Stimulus IL Stimulus IY 
11 Lines 


Fie. 1. Stimuli used in Exp. I. 


Experiment III aimed to study whether the preference for patterns 
with crossings (Exp. II) is attributable merely to a preference for the 
vertical rather than horizontal lines. Three stimulus patterns were used 
in this experiment. The first was composed of five horizontal lines and 
was identical to stimulus 1 in Exp. IL The second was composed of 


Number of crossings 
One 


None Maximum 

5 Lines 
Stimulus I Stimulus Ш. Stimulus IL 

10 Lines 
Stimulus IZ Stimulus v Stimulus VI 


Fic. 2. Stimuli used in Exp. II. 
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five vertical lines and the third consisted of three vertical and two 
horizontal lines (stimulus 3, Exp. II). 

The final study, Exp. IV, was designed to test whether the number 
of white rectangular spaces or “parts” was an important determinant 
of visual attention. There were six stimulus patterns. Three of these 


patterns consisted of 12 parts and three consisted of 16 parts. (See 
Fig. 3 for details.) 
5 Lines 6 Lines 11 Lines 
12 Parts 
Stimulus I Stimulus TT Stimulus IT 
6 Lines BLines 15 Lines 
3 HB == 
Stimulus IZ . Stimulus Y Stimulus VI 


Fic. 3. Stimuli used in Exp. IV. 


RESULTS 

Analyses of variance were performed on the looking time percentages 
in all the experiments. Table 1 shows the mean percentage looking times 
for Exps. I-IV. In Exp. I, the infants were found to look significantly 
longer (p — 05) at stimulus patterns with 10 lines than at those with 
5 lines. However, the other variable—irregularity of arrangement of 
the lines—was not significant, Experiment II showed that infants looked 
Significantly longer at stimulus patterns with a greater number of lines 
(p < 005) and with a larger number of crossings because of the addi- 
tion of the vertical line (p < .025). Experiment III showed that there 
Was no significant difference in looking time between the patterns with 
five horizontal lines and that with five vertical lines but that both of 
these were looked at significantly less than was the pattern with three 
Vertical and two horizontal lines (p <.05). The results of Exp. IV 
showed that the infants looked longer at those stimulus patterns with 
16 parts (white rectangular spaces) than those with 12 parts (p < 05). 
he other variables—number of lines—was not significant in this instance. 
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TABLE 1 
Mean PERCENTAGE OF TOTAL LOOKING TIME FOR THE STIMULUS 
PATTERNS IN Exes. I-IV 


Number 
of lines Regular Irregular 
Experiment I 5 63.3 60.8 
10 82.4 80.8 
Number of crossings 
None One Maximum 
Experiment II 5 63.0 67.7 82.9 
10 76.8 85.7 86.0 
(Horizontal Vertical Crossed vertical 
only) only and horizontal 
Experiment III 72.2 70.3 87.8 
Number of lines 
(Number Least Medium Most 
of parts) س‎ 
Experiment IV 12 71.8 70.4 73.3 
16 86.3 82.2 85.3 


DISCUSSION 


In the present study each stimulus pattern was compared with a eon- 
trol blank, a feature which distinguishes this investigation from others 
in the field. This method of presentation allowed a more accurate assess- 
ment of the visual preferences of infants. In addition, the stimulus 
patterns were varied systematically in two ways: First, the number of 
lines, and second, the number of white rectangles or parts created by 
these lines. The infants looked longer at those stimuli with a greater 
number of lines, but when the number of parts was varied, the number 
of lines became a less important determinant of visual preference. 

The results are in general agreement with some other workers in the 
field, notably Fantz (1966) who found that infants fixated patterned 
stimuli for longer than homogeneous ones. This is the case in the present 
experiment where the infant always looked longer at the patterned 
stimulus than at the simultaneously presented control blank. Also 
Berlyne (1958) and Fantz (1966) showed that certain patterns attract 
more attention than others in infants and in fact these can be seen t0 
contain a greater number of “parts.” 

However, it is important that the stimulus materials are not of 80 
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fine a texture that the infant is unable to resolve them. Fantz, Ordy, and 
Udeli, (1962) have shown that the width of stripe that could be dis- 
tinguished by infants decreased steadily with inereasing age. Also 
Brennan, Ames, and Moore (1965) presented checkerboard patterns 
varying in the number of squares, and showed that the older the infants, 
the more complex was the checkerboard that they looked at longest. 
Such findings might well account for the discrepant results obtained 
by, for example, Hershenson (1964) where newborns were found to 
prefer the least complex of three black and white checkerboard patterns. 
The stimulus patterns used in the present study were presumably 
easily resolved by the infants, since they invariably spent longer looking 
at the most complex patterns. 
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A Set to Establish Equivalence Relations in 
Pre-school Children! 


ANN M. CLARKE, С. M. Cooper, AND ELIZABETH Н. LOUDON 
University of Hull, England 


Sixty-four children, aged 316-5 years, were given a single trial on a task 
demanding the association of categorically related nouns, presented in random 
order, to pictures representing human-beings, clothes, parts of the body, food, 


and tableware, They were allocated to one of three groups matched for age 
and low score, or to a group of higher age and score. Two of the three 
matched groups were trained for 10 trials on a task in which four entegories 
(animals, furniture, vehicles, buildings) had to be differentiated. The same 
stimulus words were used in both training conditions, but in опе case they 


were presented initially in categorically related clusters, while in the second 
condition presentation was invariably random. On transfer, Ss who had 
been trained with words presented in clusters showed a significant advantage 
over the other experimental Ss and both control groups. The results are 
interpreted as showing how conditions of training may modify a young 
child’s natural style of response to a conceptual task and provide a short- 
cut for some part of his development of equivalence relations. 


Previous experiments by the authors have shown (1) that normal 
pre-school children trained on complex tasks in which the categorization 
of geometric shapes was required to achieve success, showed a signifi- 
cantly higher level of performance on transfer to a task requiring cate- 
gorization of pictures of common objects than children receiving either 
no training or training on a task where no categorization was required 
(Clarke & Cooper, 1966); (2) that the significant factor in inducing 
differential transfer was task complexity rather than task difficulty: 
Clarke & Cooper (1966) found no difference in transfer between two 
complex tasks which differed substantially in level of difficulty; Clarke, 
Cooper, & Clarke (1967) showed a very significant difference in transfer 
between two tasks both yery difficult, but one involving no act of cate- 
gorization; (3) that some degree of overlearning is another important- 
factor in establishing an effective set. Ss trained to a specified criterion 
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of one high score only prior to transfer did less well than Ss who were 
trained over a larger number of trials (Clarke & Cooper, 1966) ; (4) that 
in the recall of a list of 16 words made up from four categories, ran- 
domly presented, adult mental retardates unexpectedly performed most 
efficiently if their training condition had involved memory for words 


presented in blocks containing categorically related material (Clarke, 
Clarke, & Cooper, 1968). These Ss achieved significantly higher scores 
on transfer than a group trained with unrelated words, and a small but 


probably reliable advantage over Ss trained with the same categorically 
related words randomly presented. 

It was concluded that, in all these experiments, those Ss who showed 
an advantage on transfer had acquired a sensitivity to the categorical 
properties of the incoming stimulus material, which was not initially 
high in their behavioral repertoire. 

It should follow from (3) and (4) above that if efficient perform- 
ance on a transfer task demands the application of a conceptual rule, 
not readily available to the Ss, the most adequate training procedure 
will be one in which this rule is made rapidly apparent to him and is 
to some extent overlearned. Thus, instead of putting pre-school children 
through a lengthy training procedure (e.g. 24 trials) in which they had 
to discover for themselves the applicability of the principle of cate- 
gorical equivalence, it might be more effective to present the material 
in such a way that the basis for correct responding was made clear. 

The present experiment was designed to test the hypothesis that if a 
limited number of training trials (e.g. 10) are given at the rate of two 
per day, Ss who have material presented in categories should have an 
advantage over Ss trained with the same material randomly presented, 
both at the end of training and on transfer to a new task. It was further 
Predicted that both groups should show an advantage over a matched 
group which had received no training? 


METHOD 


The Tasks 


The transfer task consisted of 25 words, five in each of five conceptual 
categories, presented randomly, to be assigned by the S to one of five 


"We are grateful to the reviewer of this paper who pointed out the RII 
to this study of the experimental procedure and results of Kurtz and Hovland 
(1956), and the discussion by Bourne (1966, р. 61) of these and other findings. These 
Investigators found that concept learning was accelerated when exemplars of a peu 
Were presented in close temporal proximity rather than separated from one another 

16, unmixed presentation resulted in faster learning than any mixed order). 
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pictures, each representing a different category: people, parts of the 
human body, clothes, food, and tableware. The pictures (black outline 
drawings on 3 X 3-ineh white cards) were: a fully clothed man, a pair 
of trousers, an eye, a cake, and a eup and saucer. The words were: 
head, egg, girl, fork, meat, cap, jug, dress, doctor, shoes, apple, finger, 
jelly, baby, tongue, bread, plate, man, knee, gloves, spoon, dish, teacher, 
vest, foot. 

The training task consisted of words from four other categories 
(vehicles, furniture, animals and buildings) with a picture representing 
each: a boat, a stool, a rat, and a house. Lists of words (to be assigned 
to the pictures) were drawn up; these varied slightly in length, and 
also in content from trial to trial, although the categories remained 
constant. 

Two training conditions were used: (1) Blocks (B). The words were 
presented in conceptually’ related clusters over two trials, followed by 
a gradual reduction in cluster size, until on the last two of ten training 
trials no two related words occurred together. Thus, the list for trial 
1 was: pig, mouse, horse, bed, stool, desk, car, boat, aeroplane, dog, 
bear, hut, church, garage, school, bicycle, train, wagon, roket, chair, 
table, cupboard (22 words); for trial 5 was: settee, cupooard, stool, 
bed, rabbit, table, rocket, lorry, aeroplane, horse, dog, train, hut, car, 
wagon, tiger, pig, mouse, desk, wardrobe, school, church, bicycle, (23 
words) ; and for trial 10 was: station, dog, bicycle, shop, stool, bear, desk, 
tiger, house, wagon, wolf, shed, rabbit, school, lorry, church, wardrobe, 
garage, aeroplane, settee, rocket, hut, train, (23 words). (2) Random 
Category (RC). The same words as for the B group were used on each 
trial of training, except that from the start no two conceptually related 
words occurred in juxtaposition. 


Procedure 


The apparatus consisted of a presentation panel on which the stimulus 
pictures were positioned. Beneath each picture was a button which had 
to be pressed by the S to indicate his choice of stimulus when presented 
with a word given orally by E. The positions of the pictures on the panel 
were changed each day during training and transfer. 

The two experimental groups were given one trial pretest on the 
transfer task. After 2 days had elapsed, they were trained on theif 
respective conditions for ten trials, (two trials per day) then after à 
further 2 days eight trials on the transfer task were given (two trials 
per day). 

Two control groups were treated in the same way except that they 
received no training condition between pretest and eight trials of trans- 
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fer. Care was taken to maintain good rapport with these children 
throughout the experiment. 

Before pretest all the Se were given a “warm-up” period on the 
apparatus so that an efficient response was established. Color names 
were given orally by E one at a time, each S then matched to a plain 
color picture (red, blue, green, yellow) by pressing the appropriate 
button. Two trials on color/word match were given. Two further trials 
on object/word match were given. The pictures were fish, drum, tree, 
bell; the words were the names of the represented objects. 

The instructions for these tasks were: 


"I am going to say some words. When I say a word, I want you 
to show me which picture the word goes with by pressing the button 
beneath the correct pieture. Are you ready ?" 


All the Ss readily performed these warm-up tasks. Instructions on the 
pretest and throughout training and transfer were the same as above. 
When an error was made, E said “No” and repeated the word. In the 
event of three errors with one word, he demonstrated the appropriate 
response. A record was kept of the nature of all incorrect responses. 


Subjects 


The Ss were children attending publie nurseries, places at which are 
granted on the basis of social need either (1) for reasons of domestic 
overcrowding, lack of play facilities in the home, or inability of the 
mother to give the child adequate attention; or (2) because the mother 
is in regular employment, often in a profession such as nursing or 
teaching for which there is a shortage of personnel. Children who were 
mentally retarded or suffering from abnormalities of speech or hearing 
were excluded. 

A group of forty-three children aged 34% years to just under 5 years 
Were given the warm-up procedure already described followed by a 
Single trial on the transfer task (T). Scores on T ranged from 5 to 20 
correct out of a maximum possible of 25. м 

Thirty children were selected from the total group according to 
the following criteria: (a) That their score (ie., the number of first 
correct responses) did not exceed 10/25 words correct; (b) that their 
Score on the latter part (last 12 words) of T was not higher than that 
for the first 13 words—in effect those who seemed least likely to have 
the set readily available. The thirty children were then allocated to 
Опе of three groups so that there should be a close match for age, sex, 
and score on Т. The resulting three groups of ten children were allocated 
randomly to B training, RC training, or no training (Matched Control 
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group, MC). Of the remainder, the three with the highest scores were 
excluded altogether and the remaining ten children formed the High 
Control group (HC) receiving no training, but being given the transfer 
task. 

The results were consistent with the prediction. On trial 1 of transfer 
the B group was significantly superior to the other three groups, in- 
cluding HC; thereafter, they remained above the level of the RC and 
MC groups, while the HC Ss reached a level equivalent to the B group. 

It seemed wise to repeat the study “blind.” When further Ss became 
available in another kindergarten, thirty-six children were pretested 
and assigned on the basis of Score, age, and sex to one of six groups, 
with six Ss in each: B, RC, MC, and HC (as before), High B and 
High RC (new groups). The training was carried out by one author 
(A.M.C.), and the transfer testing by another (G.M.C.) who had no 
knowledge of any S's group assignment. The results showed clearly 
a precise repetition of the previous trends; thus, the data for the two 
studies were pooled, giving four groups each with sixteen Ss. The results 
for the two new groups of six Ss—High B and High RC—were consistent 
with expectation, but will not be presented since the major reason for 
including these children was to control possible E effects during transfer. 


RESULTS 


Pretest Data 


Three groups, each of sixteen Ss—B, RC, and MC—were matched 
on pretest; ie. on one trial of the transfer task and on age (F = .14, 
df = 2, 45, N.S.). The fourth group, HC, had a pretest score very 
significantly higher than the other three groups and its average age 
was slightly higher. The mean age per group in months was: B, 50.81; 
RC, 49.75; MC, 50.50; HC, 54.19. There was a significant correlation 
between pretest score and age (r = 373, df = 63, р < 01). 

Тһе mean scores for each group at pretest together with their scores 
per category, out of a maximum possible of 5, are shown in Table 1. 
A two-way analysis of variance indicated that the three matched groups 
were well balanced with respect to category scores, and that there 
were large differences in relative difficulty among the categories (Pretest: 
F for three matched groups = 002, df = 2, 225; F for categories = 57.00, 
df = 4, 225,р< 001; Interaction F = 1.19, df = 8, 225, N.S.). Addition 
of the HC group resulted in a significant groups difference (F = 11.84, 
df = 3, 300, р < .001), a significant categories term (Е = 71.92, df = 4 
300, р < .001) and an interaction of X1. It was concluded, therefore; 
that the groups were consistent with respect to category difficulty, and 
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that the older group was more efficient than were the three younger 
groups. 


Data on Training (B and RC groups) 


The average scores for each of the two groups per trial of training 
are recorded in Figure 1, It should be remembered that the number 
of items presented during training varied from trial to trial, although 
on all trials the items were the same for both groups. Members of the 
two groups performed similarly on the first two trials of training 
(F = <1 for trials 1 and 2), and it was assumed that at this stage 
the B Ss failed to perceive, or to utilize, the categorical relations between 
the words sented to them in blocks. Thereafter, this group developed 
an advar and by the last trial of training, when the words were 


randomly ordered for both groups, the difference in score was significant 
(Р = 6.54, df = 1, 30, p < .025). In this connection, see Footnote 2. 
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Fic. 1, Graphs showing: (1) Average correct responses at pretest, for four ЕИ 
Оц the transfer task; (2) average scores per trial on training for the two Rom 
mental groups—B and RC. The number of stimulus words per trial were: 22, 21, 21, 
21, 23, 20, 24, 24, 23, 23, to be associated into four categories; (3) average scores per 
trial (out of 25) on the transfer task comprising five words for each of five categories. 
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Data on Transfer 


Table 1 shows the mean score for each group at retest, together with 
their scores per category. A two-way analysis of variance for the three 
matched groups gave: F for groups — 14.80, df — 2, 225, p < 001; 
F for categories = 80.44, df = 4, 225, р < .001; interaction Р is <1) 
A similar analysis for the two experimental groups showed a significant 
superiority of the B over the RC group (F for groups = 5.94, df =1, 
150, p < .025; F for categories = 53.16, df = 4, 150, р < .001). The B 
group on retest was significantly superior to the HC group, who had 
been selected for their superiority to other Ss on pretest. 


TABLE 1 
Mean Scores (number of correct first responses out of a maximum of 5) 
PER CATEGORY ғов THE Four Groups AT Pretest AND RETEST 
(trial 1 of transfer). MEANS AND STANDARD DEVIATIONS oF 
Toran Scores (out of 25) ARE ALSO GIVEN 


Group Category Clothes Body Food Tableware People Mean total 


B Pretest .50 75 2.19 2.63 2.50 8.57 +1.26 
N —16 Retest 1.75 1.75 4.38 3.69 4.31 15.88 +2.44 
RC Pretest .38 450302787, 2.56 2.69 8.50 £1.41 
N —16 Retest 1.31 1.56 3.56 3.32 4.19 13.94 £2.76 
MC Pretest .81 .94 2.00 2.06 2.68 8.44 £1.15 
N —16 Retest 75 5 39 3.00 3.75 11.44 € 2.30 
HC Pretest 1.19 1.19 3.06 3.50 3.25 12.19 + 1.38 
N=16 Retest 1.81 1.25 — 3.88 3.50 4.00 13.44 € 2.70 
Pretest for 3 matched groups F for total score — « 1, df= 2,225 
F for categories 57.00, df = 4,225, p < .001 


F for interaction 
4 Groups F for total score 

F for categories 

F for interaction 


Retest for 3 matched groups F for total score 


11.84, df = 3,300, p < .001 
71.92, df = 4,300 
<1, NS 


14.80, df = 2,225, p < .001 


Won wow "oa 


F for categories = 80.44, df = 4,225, p < .001 
F for interaction = «1, NS. 

4 Groups F for total score = 9.94, df = 3,300, р < .001 
F for categories = 105.52, df = 4,300, р < .001 


F for interaction = <S UNS: 


As might be expected, the significant correlation between age and 
score, present at pretest, was not replicated at retest (r = .118, N.S.) nor 
was there a correlation between age and summed score over the first 
four trials of transfer (r = .172, N.S.). р 

The average score for each group per trial on transfer is shown Ш 
Figure 1. Ss in the B group maintained their superiority over the two 
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matched groups during the eight transfer trials, but were overtaken by 
the HC group. Table 2 shows the results of a comparison of the mean 
scores for the four groups at Trial 4 and Trial 8, using Tukey’s method 
of multiple comparisons (Ryan, 1959). 

Thus the data clearly indicate a consistent superiority of the B 
group over the RC and MC groups during the eight trials of transfer, 
and an initial superiority over the HC Ss, whose rate of learning, 
however, was sufficiently accelerated to achieve scores commensurate 
with the B group in the latter part of the experiment. 

An examination of the errors made by the three matched groups on 
transfer showed that the differences between them were quantitative 
rather than qualitative and that the areas of confusion were similar, 
There was a strong tendency on the part of control Ss to associate 
clothes and parts of the body with the human figure, and to confuse 
tableware and food. Although they made fewer errors, members of the 
experimental groups showed a similar pattern of erroneous responses. 


DISCUSSION 


Performance on the transfer task, which is in any degree efficient, 
implies an ability to discriminate between closely related categories, 
and to establish equivalence for different exemplars within categories 
on the basis of superordinate structures, which are sufficiently available 
to the S for action though not necessarily for verbal formulation. 

It seems reasonable to assume from the pretest scores that this style 
of responding is not high in the behavioral repertoire of the normal 
child in his fourth and fifth years of life, although the occurrence of à 
few very high scores, and the significant correlation between pretest 
score and age provides evidence that it is in the process of developing. 
The consistency of the groups at pretest with respect to difficulty of 
categories, and the similarity in type of erroneous response on transfer 
provides evidence for a cognitive strategy, albeit inadequate, on the 
part of control Ss and against their use of a policy of random responding. 

The effect of training on a transfer task may be measured in two 
ways: (1) Quality of performance on a single trial of a new task and 
(2) efficiency of learning on repeated trials of that task ; conclusions 
concerning what is transferred will depend upon the extent to which 
Ss show immediate gains or accelerated learning, or both. In this case the 
B group was significantly superior to the other three groups on immediate 
transfer, and thereafter consolidated its position, attaining high scores 
at the end of training. The HC group, starting from a position signifi- 
cantly inferior to B Ss, accelerated and after four trials the difference 
between them was reduced to non-significance. The second experimental 
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group (RC) had a significant advantage over the MCs and were equal 
to the HC group on trial 1, but unlike them, failed to maintain their 
advantage, so that the gap between RC and MC Ss diminished until 
there was no significant difference in score. 


The evi suggests a general acquaintance with the categories prior 
to the experiment, common to all Ss, and that, as predicted, the B group 
acquired carly during training the idea of equivalence relations, en- 


joying sufficient experience with it in one situation to apply it im- 
mediately to another task. By contrast, members of the RC group (the 
whole training procedure of which was identical with that of B, excepting 
only the categorical ordering of the words for the latter group) had at 


g 


the end of the relatively brief training period made only some progress 
towards discovering the principle, but had not sufficiently learned or 
overlearned the rule for it to be reliably used in the transfer situation. 

The results of this experiment may be interpreted as indicating that 


it is possible to accelerate the normal “maturational” process of rule- 
forming behavior by imposing certain conditions of training, and that 
it is important to evaluate the relative efficacy of several programs. 
The findings are consistent with the view of theorists who, when inter- 


preting findings on the maturation of intelligent behavior, insist on the 

importance of the antecedent conditions of learning and reinforcement. 
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R-S Learning in Children! 


Donatp Н. KAUSLER AND Many ANN Gotway? 
Saint Louis University 


R-S learning for kindergarten, second, fourth, and sixth grade Ss was 
measured following the attainment of one perfect S-R trial on a paired- 
associate list (six pairs, pictures as stimulus and response items). А 
significant increment in S-R. learning proficiency was found between grade 
groups. However, differences between grades in mean R-S recall scores were 
negligible, and the amount of R-S learning was approximately 80% of 
S-R learning for each grade level. These results were viewed as evidence 
against an incidental learning interpretation of R-S learning. 


The phenomenon of R-S, or "backward," learning during S-R practice 
on a paired-associate task has considerable importance for research 
and theory on developmental trends in verbal learning processes (Goulet, 
1968). Of special importance is the possible effect of differential amounts 
of R-S learning that may occur with increasing age on overall transfer 
effects for paradigms presumed to involve interference effects via com- 
peting R-S associations (e.g., the A-B, C-B paradigm; Martin, 1965). 

Nevertheless, R-S learning in children has received little empirical 
«tention. In what is apparently the only study measuring R-S learning 
in children, Palermo (1961) reported no difference in amounts for fourth 
and sixth grade Ss. In addition, the relative amount of R-S learning, 
that is, relative to the amount of S-R learning, was considerably less than 
the relative amount typically demonstrated for college age Ss—57% 
(Palermo, 1961) vs. 80% or more (eg, Dron and Boe, 1964)—when 
well-integrated items serve as stimulus terms. However, the transfer 
methodology employed in the Palermo study may well have masked 
both an increment in R-S learning from the fourth to sixth grade levels 
and a larger amount of R-S learning relative to S-R learning at both 
grade levels. The methodology involved a mixed transfer list in which 
there were two А-В pairs (ie. S-R pairs from the first list), two В-А 
pairs (ie., R-S pairs from the first list), and two C-D pairs (1.е., new 


"The authors are indebted to the principal and teachers of St. Rochs School, 
St. Louis, Mo. for the procurement of subjects in this research. 
2 This research was conducted during the tenure of the second author as ® 
National Defense Education Act Fellow in psychology. 
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stimulus and response terms). R-S learning was measured in terms 
of correct antieipations of B-A pairs on the transfer list relative to 
correct anticipations of A-B pairs. Mixed transfer lists are susceptible 
to rehearsal strategies (Paul and Paul, 1968) which conceivably favor 
§-R pairs over R-S pairs. Moreover, the operation of such strategies 
may vary with developmental level, thereby masking differential amounts 
of R-S learning per se. The present study investigated R-S learning by 
means of the standard R-S recall trial following attainment of mastery 
of the list in the S-R direction. In addition, the age range tested was 
extended by including kindergarten and second grade Ss, as well as 
fourth and sixth grade Ss. 


METHOD 


Subjects. The Ss consisted of 64 children, 32 boys and 32 girls, 
randomly selected from the kindergarten, second, fourth, and sixth 
grades (п = 16, 8 boys and 8 girls at each grade level). The school 
was a parochial school located in a middle class St. Louis neighborhood. 

Lists. The stimulus and response terms were simple line drawings 
selected from below the 3-year 6-month age level on the Peabody 
Picture Vocabulary Test. An initial pool of 24 pictures was selected 
such that the objects represented seemed to be semantically and asso- 
ciatively unrelated to one another. These pictures were then divided 
by random assignment into two sets of 12 pictures each. A separate 
list of six pairs was formed from each set by the random selection 
and pairing of six pictures as stimuli and six pictures as responses. 
Two separate lists were employed for.purposes of greater generalization 
of findings and control over idiosyncratic associations. Half of the Ss 
at each grade level received one list, and the other half received the 
second list. Both S-R learning and R-S recall differentials between 
lists were negligible across all grade levels, and the two lists were col- 
lapsed for the analyses reported below. 3 

Procedure. Prior to the experiment proper, each S was given several 
trials on a two-pair practice list to insure comprehension of the instruo- 
tions. In addition, prior to the start of practice on the experimental 
list each S was shown, on individual sheets of paper and in а randomized 
order, each of the 12 pictures used in the list and was asked to name 
the object depicted. This procedure made certain that the stimulus and 
response terms were within S's active vocabulary. A 

The experimental list was presented for S-R practice by the anticipa- 
tion method, with a 4:4-second rate of exposure and an 8-second inter- 
trial interval. As a control for serial cues, three different random orders 
of pairings were presented across trials. Practice continued to a criterion 
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of one perfect trial. The R-S recall measure followed immediately after 
the attainment of the S-R criterion, For R-S recall each R item was 
exposed alone for 4.5-seconds, and S was asked to name the picture 
that had been paired with it. Two different random orders of R item 
presentation were employed, with half of the Ss in each grade receiving 
one order, ete. Order of presentation was found to have a negligible 
effect on the amount of R-S recall across grade levels, and the two 
orders were collapsed for the analyses reported below. For both 
S-R and R-S trials items were projected on a Telescreen by means of 
a Carousel slide projector. 


RESULTS AND DISCUSSION 


For trials to S-R criterion the means and standard deviations were 
10.00 and 4.49, 8.68 and 3.28, 7.06 and 4.26, and 7.12 snd 522 for 
kindergarten, second, fourth, and sixth grade groups, respectively. The 
medians for trials to criterion were 10.00, 7.50, 5.50, and 5.00 in order 
of increasing grade level. The disparity between the mean and the 
median for both the fourth and sixth grade groups, together with the 
large coefficient of variation apparent in both groups, reflects the pro- 
nounced positive skew present in the distribution of trials scores for 
both groups. Consequently, differences between central tendencies were 
tested for statistical significance by means of the median test. The 
overall between-group effect was significant, X*(3) = 11.68, p < 01. 
In addition, the contrast between the combined kindergarten and second 
grade groups and the combined fourth and sixth grade groups was 
significant, X*(1) = 7.68, р < 01. The contrast between the kinder- 
garten and second grade groups approached significance, X*(1) = 3.33, 
р « 10, but the contrast between fourth and sixth grade groups was 
obviously not significant, X*(1) < 1. These results support the usual 
finding (eg. Jensen and Rohwer, 1965) of increasing S-R learning 
proficiency from kindergarten through the fourth grade, but with little 
change in proficiency from the fourth to the sixth grade. 

Means and standard deviations for R-S recall were 5.06 and 1.18, 4.75 
and 1.00, 5.25 and .86, and 4.81 and 1.17 for kindergarten, second, fourth, 
and sixth grade groups, respectively. An analysis of variance substan- 
tiated the apparent absence of a difference in R-S recall scores between 
grade levels, F (3, 60) < 1. Although acceptance of the null hypothesis is, 
of course, impossible, the present results nevertheless strongly imply that 
differences in R-S learning from the kindergarten through the sixth grade 
level are, at most, slight. A complicating factor in accepting this view 8 
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the evidence that the groups did differ in the number of trials required to 
attain the S-R criterion. Conceivably, increases in the number of S-R 
irials may provide an additional opportunity to learn R-S associations, 
thereby serving to inflate R-S scores in the younger age levels. This 
hypothesis suggests the presence of a positive correlation between S-R 
trials and amount of R-S recall. However, the within-group rank-order 
correlation coefficients for the present groups were all negligible and 
statistically nonsignificant (rho = .05, .18, —.34, and —.15 in order of 
increasing grade level; all p values 2.10), and the differential number 
of trials between groups seems to be an unlikely confounding factor. 

The failure to find a difference in R-S learning between fourth and 
sixth grade Ss is in agreement with Palermo's (1961) earlier finding. How- 
ever, the present results depart from those of Palermo in estimating the 
amount of R-S learning in children relative to S-R learning. As indicated 
earlier, this estimate was 5796 in the Palermo study, whereas the present 
values (R-S score/6 X 100) ranged from 79 to 87%. These higher 
estimates are in close agreement with the values found in studies employ- 
ing young adults (e.g., Dron and Boe, 1964). 

The absence of inerements in R-S learning with increasing age may be 
taken as evidence against an incidental learning interpretation of R-S 
phenomena (cf. Ekstrand, 1966, for a discussion of the incidental learn- 
ing conception of R-S phenomena). Goulet (1968) has noted that studies 
with other incidental learning tasks (e.g., Siegel and Stevenson, 1966) 
have yielded monotonic increments in amounts of incidental learning 
through the sixth grade level, and that a similar function is to be expected 
for R-S learning if it is truly a variant of incidental learning. However, 
further research is obviously needed before definitive answers can be 
reached regarding the nature of R-S learning processes in children and 
the nature of potential changes in these processes with increasing cep 
Especially valuable research would be that which would involve bi- 
directional practice sequences (Goulet, 1968). 
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Attribute Preference and Discrimination Shifts 
in Young Children? 


Гом Trapasso, Mary STAVE, AND ROBERT EICHBERG 
University of California, Los Angeles 


The relations among preschool children’s preferences for color and form 
attributes, speed of learning an initial problem, and optional shift behavior 
in discrimination training were studied in two experiments. In both experi- 
ments, learning was rapid if S's preferred attribute was relevant, In Exp. I, 
upper-middle class Ss tended to reverse on their preferred attribute: with 
planom: tric stimuli; in Exp. II, lower-middle elass Ss who preferred color 
learned to discriminate stimulus objects slowly and made nonreversal re- 
sponses regardless of the attribute upon which they were trained; form- 
preferriny Ss showed the opposite behaviors, The results were discussed in 


terms of attentional and mediational theories. 


Since Kendler and Kendler (1962) compared performance by rats, 
children, nd adults on discrimination problems, considerable interest in 
the development of this problem-solving ability has evolved. While 
phylogenetie and developmental differences are frequent and fairly re- 
liable, their theoretical interpretation has become a subject of controversy 
(Maekintosh, 1965; Kendler and Kendler, 1966; Wolff, 1967). 

We may classify the alternative interpretations as mediational or at- 
tentional. To contrast these views, consider their respective interpreta- 
tions of the Kendler and Kendler (1959) finding that kindergarten chil- 
dren who learned an initial discrimination slowly also learned a 
nonreversa] more rapidly than a reversal problem; faster learners per- 
formed better on reversal shifts. 

According to the mediational view espoused by the Kendlers, mature 
humans make nonovert mediating responses which act as conceptual 
labels and link different, related stimulus inputs and response outputs. 
For example, if red is the correct value, blue the wrong value, and tri- 
angles and circles are correct and wrong at random, the S learns to respond 

"The authors thank Mrs. Dorothy Snyder, Director of the Children's Centers, 
Los Angeles City Schools, for her excellent cooperation in providing facilities and 
Access to subjects for Experiment П. We also thank the University ЖЕУ 
School of the University of California, Los Angeles, for similar aid in fo 
- This research was supported by a research grant from the National Institutes 0 
Health, United States Public Health Service, MH-08741. 
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with the attribute label “color” to the red and blue value Aequisition 


of a problem and a reversal shift is easier if one mediates sice all that is 
required in learning is the association of the overt respoi.-es with the 
mediated values (e.g., in reversal, choose blue rather than ed). A non- 
reversal shift, however, also requires the learning of a now mediating 
response (e.g., “form”). If one fails to mediate and respon~ to the spe- 
cific stimulus values on the basis of their associative strength, then a 
nonreversal shift is easier; i.e., response strengths to trianglos and circles 
are intermediate while those to blue are the weakest. To interpret the 
reported correlation between initial learning speed and rate of reversal, 
kindergarten children were assumed by the Kendlers to be in a transi- 
tional stage of mediational development in which some Ss (fast learners) 
are likely to mediate in the shift task while others (slow |: urners) are 
not. 

Crities of mediational theory (cf. Wolff, 1967) have propo» that per- 
formance does not“depend upon mediation or development: «bility but 
on whether the attribute to which the S is most likely to at! d and use 
is relevant to the solution of the task. If S has a strong {епс у to attend 
to an irrelevant attribute, he will learn a discrimination mor slowly. In 
addition, assuming that the training is not sufficient ito- overcome the 
initial attention habit, he will do better on the nonreversal shift since his 
preferred attribute is now relevant. Tf, however, he initially attends to 
the relevant attribute, acquisition is more rapid; if one further assumes 


that the attention habit extinguishes more slowly than the instrumental 
response associations, reversal is also faster. These notions аге readily 
deducible from a number of attentional models for discrimination learn- 
ing, notably those of Zeaman and House (1963), Lovejoy (1968), and 
Trabasso and Bower (1968). 

The assumption that learning is faster when S's preferred attribute is 
relevant has been confirmed in Several experiments (Heal, Bransky, and 
Mankinen, 1966; Smiley and Weir, 1966; Suchman and Trabasso, 1966b; 
Wolff, 1966). The interpretation that Ss reverse more readily on their 
preferred attribute has been supported in the studies by Heal et al. and 
Smiley and Weir. Subjects were trained with their preferred or nonpre- 
ferred attributes relevant, and made reversal or nonreversal responses t0 
their preferred attribute. Both experiments thus replicated the Kendler's 
(1959) empirical relation between speed of initial learning and ease of 
reversal but account for the relation in terms of S's attribute preference. 

The present paper reports two experiments. Experiment I resembles the 
Smiley and Weir (1966) study in that an index of S's preference for color 
or form stimuli was obtained independent of discrimination training and 
normal Ss were trained with their preferred or nonpreferred attribute 
relevant in an optional-shift paradigm. The main difference is that the 
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present exp: nent used a different method (the method of triads) to 
measure p: спее whereas both Smiley and Weir's and the Heal ef al. 
experiments iployed two-choice discrimination procedures throughout. 
However, Exp. I was begun just prior to the publication of these 
studies, it ild now be regarded as an attempt to replicate and gener- 
alize their findings. 

Experim.* II was designed to test whether or not the interaction be- 
tween pref: nce and learning was in terms of a preference for an attri- 
bute and noi specifie values. This was done by using identical attributes 
in the preference and training tasks but varying the attribute values. For 
example, suppose red and blue stimuli are used to test color preferences 
but Ss arc {ined on green and yellow values. If preference is for color 
and this trınsfers in terms of attention to and use of different color 
values in (i^ /ning; i.e., S shows intradimensional transfer, he should learn 
quickly wie: color is relevant. Should this attention persist, S should 
also executi reversal response to color values on the optional-shift test. 


EXPERIMENT I 


Method 
Stimulus |/oterials 
The stimuli were drawings of triangles or circles (each approximately 
1 sq. inch) colored either red or blue and presented on white, 4 X 6-inch 
file cards, 
To measure preferences, a set of 18 cards was constructed. Each card 
contained ihree objects arranged in the pattern of an inverted triangle. 


For six cards, the color and form values were redundant (e.g, a card 
might contain two red triangles and one blue circle) so that a i Sa 
choice of a pair of objects could be based on either or both attributes. 
For the remaining 12 cards, the values were opposed (eg. à Barn tut 
contain a red triangle, a blue triangle, and a blue circle) so шуш. 
rect choice of a pair could be based on either color or form but not both. 
e combinations of values were used and their positions were counter- 
alanced over the sets. 

For discrimination training, a set of four cards was used. Each eh 
Contained a pair of objects and the four cards represented all possible 
Combinations and positions of the color and form values. 


Procedure 

The Ss were tested and trained individually in a quiet room. аа 
Was seated at a small table opposite E. To begin, 8 was shown dà 2 
ence card with redundant figures and heard the following instructions; 
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“Here is a card. Each card has three pictures on ir. Look at 
each card and tell me which two pictures are the вате Point to 
the two that are the same like this.” 

The E then pointed to the identical figures. Each of the ıı maining five 
redundant cards was presented successively and S self-pac: | his choices. 
If the choices were correct, E said, “Good, that is the ido- ` If S made 
an error, E said, “No, these two are alike,” and pointed to ııe two iden- 
tical figures. 

After showing redundant set, E presented successive!) «nd without 
interruption the 12 cards that opposed color and form values, No feed- 
back on choices was given during this series. 

After the preference testing was completed, diserimin.:!ion training 
began with E reading the following set of instructions: 

“О.К. You did very well. Now we are going to play ıı guessing 
game. Here is а card (chosen at random) with only tv pictures 
on it. І am thinking very hard about one picture. ( vou tell 
me which one?” 

If a choice was correct, E reinforced the response by — ving, “Good, 
that is the one I am thinking of" or “That is right.” |» choice was 
wrong, E pointed to the correct figure and said, “No, I v=- thinking of © 
this one." After receiving the appropriate feedback on first. choice, 
S was then presented one card at a time, self-paced his res; ses, and was 
given feedback. The intertrial interval was approximately ^ seconds. 

The discrimination training and testing followed that o: ‘he optional- 
shift paradigm originated by Kendler, Kendler, and Lear: id (1962). In 
Phase I, all four stimulus patterns were used and one «ttribute was 
relevant. After S met a criterion of 10 consecutive correc! responses OF 
fifty trials (whichever occurred first), he was shifted without interrup- 


tion onto the second phase of training. In Phase III, a test phase of ten 
trials, all responses were reinforced as correct. Those Ss who failed to j 
meet the learning criterion in both training phases were not tested. 
The attribute value and pattern combinations used in training and 
testing were completely counterbalanced over Ss within each experi- 
mental condition; there were 4 X 2 = 8 such subgroups within each con- 
dition. The stimulus presentation orders for preference testing and ea¢ 
phase of discrimination learning were respectively random for each S. 


Experimental Design 


A S was classified as preferring color (or form) if 8 of 12 choices O" 
the opposed-cue tests were for figures that were identical in color (0 ( 
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form) ani as "mixed" if neither criteria was met. Those Ss who exhib- 
ited a pr^ rence were then randomly assigned to one of two conditions 
where eii!" color or form was relevant. Thus, Preference (color or form) 
constitute! one factor, and the Relevant Attribute of Phase I (color or 
form) cor-tituted the second factor of a 2 X 2 design. 

Subjects 


The № were 44 nursery and kindergarten children who attended the 
University Elementary School of the University of California, Los 


Angeles. Ilalf of the Ss were boys. The median age was 4 years, 8 months 
and the nunge in аре was from 4 years, 2 months to 5 years, 4 months. 
RESULTS 

Attribui Preference 

Twen!\-cight, 15, and 1 Ss were respectively classified as preferring 
form, color, or neither attribute. For those who had a preference, all but 
four made 11 or 12 consistent choices. The correlation between age and 
number «i form choices was not significant (r = —.04). The latter result 
most lil. iy arose from the restricted age range (14 months). 
Diserin sation. Training 

Eiglıt and 7 eolor-preferring children and 14 form-preferring children 


each wore trained with color or form relevant, respectively. Since errors 
and the trial of last error were nearly perfectly correlated (r = 96), 
analyses are reported only for errors. In Phase I, only the interaction 
between the preferred and relevant attributes was reliable (F = 34.18, 
df = 1, 39; p < .01). The mean number of errors for each of the four 
conditions of this interaction are given in Table 1. À 

In Table 1, it can be seen that ease of learning the initial discrimination 
depended upon the congruence between S's preferred and relevant attri- 
butes. If his preferred attribute was relevant, fewer errors were made. 

In Phase II, three Ss were lost because of time limitations or refusals 
to continue and three more Ss failed to learn. These six Ss were not tested 


TABLE 1 
EXPERIMENT 1: MEAN Errors IN PHasE I 


Training attribute 
Preferred 
attribute Color КО 
Color 7.71 17.12 
Form 19.79 AER 
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in Phase III. The six comprised two color-preferring child оп in eae 
the training conditions and two form-preferring chili:cs who y 
trained on color. These six Ss were excluded from the Phas: I results 
a reanalysis on errors yielded the same reliable interaction (F = 9 
df = 1, 33; p < 01). 

The analysis of variance was performed on errors in Pliise II, Ag 
only the interaction between preference and training attributes was 
liable (F = 4.94, df = 1, 33; р < .05). The means for this interaction 
given in Table 2. 


TABLE 2 
EXPERIMENT I; MEAN Errors IN Puase II 


Training attribute 


Preferred 

attribute Color Form 
Color 1.00 3 60 
Form 2.25 ! 


In Table 2, Ss learned the redundant, reversal proble!:: of Phase 
more rapidly if they were trained with their preferred atit ute relev 
Individual differences in ease of learning Phase I and Phase II we 


examined by correlating errors in the two phases; the correlation 3 
positive (r = .28), 


Optional Shifts: Phase III 


The ages (in months) of the 37 Ss who learned Phase II and W 
tested in Phase IIT were analyzed as before and no significant facto! 
interactions were found. The correlation between Phase I errors and nul 
ber of reversals in Phase III was — 43 (р < .05). Again, as in the lea 
ing of Phases I and III, only the preferred by trained attribute int 
action was significant (F = 4.00, р = .05). The mean number of revert 


TABLE 3 
EXPERIMENT I: MEAN NUMBER OF REvERsAL Responses IN Puase III 


Trained attribute 


Preferred 

attribute Color Hom 
Color 8.67 6.80 
Form 3.75 7.43 
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responses by the groups contributing to this interaction is given in 
Table 3. 

In Тар. 3, it ean be seen that Ss tended to reverse on their preferred 
dimensio:. "his relationship was also examined in terms of the number 
of Ss who mct a criterion of eight or more reversal responses on the ten 
test trial: of Phase III. These frequencies are summarized in detail in 
Table 4. 

TABLE 4 


EXPERIMENT I: NuMBER or SUBJECTS MEETING VARIOUS 
REVERSAL CRITERIA IN Puase III 


Number of reversal responses 


\ttribute 
= 8-10 02 

Preferred Trained (reversal) (nonreversal) 3-7 

Color Color 5 1 0 

Form Form 10 2 2 

Color Form 2 0 3 

Form Color 4 7 1 

The (i'n in Table 4 were collapsed in various ways and subjected to 
chi-squ: с analyses. It was found that individual Ss reversed more often 
on their preferred attribute (X? = 4.77, df = 1, p < .05), independent of 
which atiribute was preferred (X? = 1.93) but more often when form 
was the lıaining attribute (X? = 3.77). 


Assuming that S's preference for an attribute is an index of his initial 
tendency (o attend to and use that attribute as the basis of his respond- 
ing, the results of Exp. I support an attentional explanation of the em- 
pirical relationship between rate of initial discrimination learning and 
reversal shift behavior. The results indicated that ease of learning and 
rate of reversal were highly correlated, that ease of learning was also 
related to the function of S's preferred attribute; namely, if it was rele- 
vant, learning was more rapid and that rate of reversal depended upon 
S's attribute preference. However, it should be stressed that this inter- 
Pretation of the present results also assumes that training effects do not 
offset the initial strengths of attending to one’s preferred attribute versus 
one’s nonpreferred attribute. It is possible in studies such as the present 
and that of Smiley and Weir (1966), which is essentially replicated by 
Exp. I, for Ss to reverse regardless of which attribute they are trained on 
if the training is of sufficient length to alter the initial, relative strengths 
of attending. 
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EXPERIMENT II 
Method 

Apparatus and Stimulus Materials 

The stimuli for Exp. II were three-dimensional, wooden . bjeets fash- 
ioned from 2-eu. inch blocks. Each block had a round hollo underneath 
for hiding trinkets. Two sets of colors and shapes were used: red and blue 
spheres and cubes; yellow and green tents and cylinders 

For discrimination training, the stimuli were displayed on a eireular 
platform (15-inch diameter) which was perpendicularly !isected by a 
rectangle (8 X 15 X % inches). The barrier and circle were mounted ona 


rotating base so that while S made choices between display | objects on 
one side, E prepared the display on the other for the next trial. To E's 
right was an 18 X 18-inch barrier used for storage of stimuli. lata sheets, 
and reinforcements. 


Procedure 

The measurement of attribute preference and diserimins ion training 
were conducted by different E's approximately one week s:rt. The as- 
signment of Ss to training conditions was random and was опе double- 
blind. This procedure resulted in unequal numbers of Ss iı ihe experi- 
mental conditions but, minimized possible E bias. 

To measure a preference, three objects were placed on 4 low table 
about 3 inches apart in a triangular arrangement with the :ı рех towards 
S. The instructions, order of redundant and opposed-attribi!e tests, ap- 


propriate feedback, method of triads, and pacing, were basically the same 
ав those used in Exp. I. Each stimulus set was used to test one half of 
the Ss. There were 12 redundant and 24 opposed-attribute arrangements, 
representing all eombinations of objects and positions; the order of pres- 
entation was random for each S. The criteria for a preference was 18 or 
more choices for an attribute in the 24 opposed-attribute tests. Each 8 
was promised a plastic ring of his choice, which he was given upon com- 
pleting the preference testing. 

All training procedures for Exp. П were identical to those of Exp. I 
with the following exceptions: (1) the stimuli were three-dimensional 
objects rather than two-dimensional drawings, (2) plastic trinkets were 
used as reinforcements in addition to verbal feedback, and (3) the learn- 
ing criterion was ten successive correct responses or 30 trials. A S was 
allowed to keep three trinkets at the end of the experiment. One stimulus 
set was used throughout all training phases and half of the Ss were as- 
signed on a random basis to each set. 


| 
| 
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Experimer:al Design 

The Чез of Exp. П was identical to that of Exp. I with one addi- 
tional factor: the sets of stimuli used in preference testing and in dis- 
crimination training were either identical or different. The design was a 
23 = 8 faciorial experiment with the following orthogonal factors: Prefer- 
ence (colo: or form), Training Attribute (color or form), and Stimulus 
Sets (samc or different). 

Subjects 

The S- were 193 preschool children from Los Angeles City Schools' 
Children’s Centers. Children in these centers are primarily from low- 
income families, headed by only one parent, who works, or by two par- 
ents, one working and the other either ill or attending school full time or 
working in an “essential industry" (e.g., nursing, teaching, defense plant). 
A sharply increasing fee schedule based on family income tends to dis- 
courage milies of moderate-to-high income from enrolling their chil- 
dren in tli «e centers. 

There wore 101 girls and 92 boys. The median age was 4 years, 
7 month- ¿nd the range was from 2 years, 8 months to 6 years. Eighteen 
Ss faile io perform on the preference test; those Ss whose preferences 
were nirısıred had а median age of 4 years, 8 months, identical to that 
found in Exp. I. Twenty-two Ss did not complete discrimination train- 
ing becouse of absence from school. 

RESULTS 
References 
The preference data were summarized in terms of the group percentage 


of color, form, or indeterminate choices (the chosen pair differed in both 
attributes) and in terms of the number of Ss who were classified as hav- 
ing a reliable preference. These data for 6-month age groups are given 
in Table 5. 

In Table 5 it can be seen that color was preferred more than form but 
that there was no clear developmental trend in preference. The corre- 
lations between age and color or form choices were —.01 and 02, те- 
spectively. The number of indeterminate and mixed preferences declined 
With age. If one excludes the youngest group, then the commonly reported 
age-form preference trend is observed. It should be noted that age is 
generally confounded by school location in this study so that the gu 
to show a marked developmental trend in form preference is not readily 
interpretable. : ; 
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TABLE 5 
EXPERIMENT II: PERCENTAGE ОР GROUP CHOICES AND Іх UAL 
PREFERENCES FOR Согов AND Form ATTRIBUTES 
— À— 
Group Ir: ' vidual 
Age Number Ss Color Form Indeterminate Color rm Mixed 
3.13.11 37 47 51 2 35 8 27 
4.04.5 35 70 28 2 60 n 17 
4.6-4.11 37 63 37 0 62 5 3 
5.0-5.5 33 55 45 0 52 12 6 | 
5.6-6.0 33 48 52 0 45 32 3 
Total 175 57 42 1 51 iN 11 
karsana аг с ق‎ — I 
Training 
As found in Exp. I, errors and trial of last error were nc: perfectly 
correlated (r = .94) so that only results on errors are repor! «4d 
Of the 175 Ss who were tested for preference 16 failed io show a re- 
liable preference for color or form and an additional 22 did rot undergo 
training. The errors made in Phase I by the remaining 137 >- were ana- 
lyzed ina 2X2 x2 analysis of variance with unequal n’s. i: this anal- 
ysis, contrary to Exp. I, the only reliable factor was the рге! олсе (F = 
84.59, df = 1 129; p < 01). Children who preferred color | \:ned con- 
siderably more slowly than those who preferred form; thei respective 
mean errors Were 12.52 and 3.66. This result is in line with ile general 


Who prefer color аге poorer problem-s:;|yers than 


raction between preferred and trained attribute of 
Significanee in Exp. II (F = 3.73, p — 10). The 


TABLE 6 
ExPERIMENT II: MEAN ERRORS IN Pnask I 
PIA Training attribute 
attribute Color Form 
Color 11.67 
à 13.65 
Form 4.39 2.50 
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values of preferred attribute, a result also in line with the attention 
hypothesi 

In Exp, |. Ss who did not learn Phase II were excluded from optional- 
shift testi: i» Phase ПІ on the grounds that if Ss did not learn, then the 
tests woul’ not be meaningful. This same procedure was used in Exp. II. 
As a тези. 32 Ss did not undergo testing in Phase III. In the following, 
then, we i^ port analyses on 105 Ss who underwent all three phases of dis- 
criminati (raining and testing. Table 7 gives the distribution and ages 
of these Ss in the eight experimental conditions; the number of Ss in 
parentheses is the number that failed to learn in Phase II. 

TABLE 7 


PERIMENT П: Аве DISTRIBUTION or Supsects WHo WERE 
TESTED IN Puase III 


Stimulus sets 
Same Different 
tribute 
E: Age 
Preferred Trained (months) N Age N 
Color Color 59.12 17 (5) 56.64 14 (7) 
Color Form 56.09 11 (7) 58.20 10 (4) 
Form Color 57.36 14) 4 170) 
Form Form 57.78 9 (1) 54.85 18 (1) 


The «ves in Table 7 were also subjected to the analysis of variance and 
all resulting F-ratios were less than 1 in value. Thus, our randomization 
procedures were successful in matching groups on age and this factor 
does not confound interpretation of any findings. The analysis of variance 
оп Phase I errors was repeated for the 105 Ss who completed all phases 
of training and testing. The results were the same as those reported 
above; namely, Ss who preferred color learned more slowly (F= 86.36, 
df = 1, 97; р < .01) while the interaction between preferred and trained 
attribute became reliable (Е = 4.95, df = 1, 97; p < 05). Thus, ex- 
cluding those Ss who failed to solve Phase II, the major finding of Exp. 
I was replicated in Exp. II. | А 

The analysis of T was performed on errors in Phase П. As in 
Exp. I, only the interaction between preferred and trained attributes was 
reliable (Р = 5.58, df = 1, 97, р < .05). The means for this interaction 
аге given in Table 8. 

As can be seen in Table 8, Ss reversed fast 
оп their preferred attribute. Finally, errors in Phases I and II wi 
related (r = 39, p < .05). 


er when they were trained 
ere Cor- 
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TABLE 8 
EXPERIMENT II: MEAN Errors IN Prase II 


"Training attribute 


Preferred Е 
attribute Color Form 

Color 3.61 4.87 

Form 4.86 3.68 


Optional Shifts 


The initial learning rate-reversal relationship was examined by cor- 
relating errors in Phase I with the number of reversal responses in Phase 


ПІ. This correlation was reliable and negative (r = —.64, p < .01), and 
is consistent with the Kendlers’ (1959) finding. 
The number of reversal responses in Phase III were analyzed in the 


2X 2X 2 analysis of variance. Contrary to the finding of Exp. I, the 
ond reliable factor was that of Preference (F = 4834, dí = 1, 97; p< 
01). Children who preferred color tended to make nonreversal responses. 


The mean number of reversal responses for Ss who preferred color was 
1.73; for those who preferred form, 8.98. The F-ratio for the interaction 
between Preference and Trained Attribute was less than 1. The latter 
result would indicate that training offset initial tendencies to attend to 


one's preferred attribute. 

The optional-shift data were analyzed in terms of the distribution of 
reversal responses made by individual Ss in the conditions. These data 
are summarized in detail in Table 9, 

The data in Table 9 were collapsed and subjected to chi-square anal- 
yses. It was found that children who preferred color were classified more 
frequently as nonreversal Ss while those who preferred form were mostly 


TABLE 9 
EXPERIMENT II: NUMBER or SUBJECTS MEETING Various REVERSAL 
CRITERIA IN Prase IIT 


Number of reversal responses 


Attribute 
8-10 0-2 3-7 
Preferred Trained Reve-sal Nonreversal Mixed 
Color Color 4 23 4 
Form Form 21 1 0 
Color Form 2 18 1 
Form Color 25 2 4 
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reversal Ss (X^ 7 63.57, df = 1, p < .01) ; there was no relationship be- 
tween the kin shift and either training on a preferred or nonpreferred 
attribute (X 40) or the attribute upon which Ss were trained 
(x? = 01). 

DISCUSSION 

Experimen:- [ and II indicate that a S's preference is related to his 
problem-solving ability and diserimination-reversal performance. In 
both experiments, there was an interaction between an attribute's func- 
tion and desee of preference. If S's preferred attribute was relevant, the 
initial discrimination and second phase reversal were more rapid. How- 
ever, in Exp. 1I, those Ss who preferred color learned more slowly and 
failed to lear more frequently in both Phase I and II. In the third, op- 
tional-shift phase, Ss tended to reverse on their preferred attribute more 
often in Exp. I; in Exp. П, Ss who preferred form made more reversal 
choices whi: ‘hose who preferred color made mostly nonreversal choices, 
regardless o: ihe attribute upon which they had been trained. 

As far as attentional theory is concerned, these findings support, in 
part, alter ive expectations that are derivable from such models. The 
results of lsp. I, for example, support the hypothesis that the training 
was not su'^ient to offset the initial habits of attending to one’s pre- 
ferred attribute. Hence, Ss showed more reversal responses on their pre- 
ferred attribute, independent of the attribute upon which they were 
trained, The performance of Ss who preferred form in Exp. II support 
the alternative attentional expectation; namely, that the training on the 
nonpreferred attribute was sufficient to overcome the initial tendency to 


respond to one’s preferred attribute. Although learning and reversal were 
easier on relevant and preferred attributes, Ss who preferred form showed 
90% reversal responses on the optional-shift tests, independent of the 
attribute upon which they were trained. ? 

The results on the children who preferred color in Exp. II are incon- 
sistent with either alternative attention hypothesis. Those Ss who had 
color as a relevant attribute learned and reversed faster than those who 
had form relevant. The fact that the latter Ss made more nonreversal 
responses in Phase III is consistent with the second attention hypothesis. 
However, what is inexplicable is the fact that nearly two-thirds of all 
color-preferring children who were trained on color made nonreversal 
responses; ie, they chose the nonpreferred, randomly reinforced 
attribute. 

This inconsistent finding as well as the one that the other color- 
preferring Ss made mostly nonreversal responses May be taken as favor- 
able to a developmental theory of problem solving with some reservation 
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since age trends for preference were absent. If children who рте! color 
are considered to be less mature in their problem-solving abilit. (Such- 
man and Trabasso, 1966a), then the data of Exp. II support th: Kend- 
lers’ (1962) position that problem-solving ability and reversal | havior 
are correlates of conceptual development. 

A final point should be made about the differences in resuli- ior the 
two experiments on the optional-shift data. In general, one mig! regard 
Exp. II as the more sensitive experiment since it involved a lary num- 
ber of Ss, was run under a double-blind procedure which red: «od the 
possibility of E bias, had a larger range of stimulus materials, «nd con- 


tained more Ss who preferred color than either Exp. I or Smiley and 
Weir's (1966) experiment. There is the further difference of kind of Ss 
sampled. The Ss in Exp. I were primarily upper-middle class and ex- 
perimentally sophisticated while those in Exp. II were largely lower- 
middle class and unsophisticated in psychological testing. It is difficult 
to assess what effect this kind of variable had in the present «dy but 
forewarns of relying exclusively upon convenient, university el entary 
school populations as sources of Ss. 
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Responses to Embedded Figures cut to a series of Reversible Figures, аз 


given by 9-year-old, 11-year-old, and 13-year-old subjects, were assess 1 with 
a view of identifying systematic age and sex differences, The present liidings 
show that: (1) the ontogenetic course of sex differences in perceptual 
responses follows a zigzagging and overlapping pattern rather thay » uni- 
directional path, and data obtained from adult subjects may offer no valid 
clues with regard to the existence or direction of sex difference: younger 
age levels; (2) a particular pattern of sex differences uncovered in а specific 
perceptual response category supplies no valid indices for the existence of 
similar sex difference patterns in other and even related response categories; 
and (3) age changes in perceptual responses, like those pertaining to the 
pattern of sex differences, also appear to be task, response, and in some 


cases, sex specific. 


Although the existence of sex differences in perceptual responses has 
been repeatedly demonstrated in a wide array of investigations and also 
by researchers working in often diverse cultural settings (Andrieux, 
1955, Bennett, 1956, Frank, 1956, Newbigging, 1954), a key question 
remains, apart from the obvious one regarding the causes of such 
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210 


OE AND SEX DIFFERENCES IN PERCEPTION 211 


differences, wiih respect to the precise age level at which sex-linked 
differences eme se and the character of their ontogenetic course. Devel- 
opmental studies addressed to this specific issue are surprisingly scarce, 
and, at any rote, even in otherwise rigorous ontogenetie investigations 
there is sometimes only a casual concern in evidence for the need to 
control for the sex of the subject groups, with an implicit assumption 
that the scrutinized age levels alone constitute the overriding factors 
whieh determine potential performance differences. This assumption 
may, of course, be perfectly justified in many instances, but in the light 


of our present-day knowledge of sex-linked behavioral differences, it 
would be most precarious to maintain any a priori presumptions re- 


garding the potential relevance of such differences. 

Any exploration aimed at pinpointing a specific age level at which 
sex differences in perceptual responses first emerge must by necessity 
also attend io some closely related issues. That is, once a particular 
age point hus been clearly identified at which sex differences are first 
demonstrable, the question arises with regard to the maintenance of 
these differences along an ascending developmental continuum, and also 
whether the direction of any uncovered differences remains constant 
ontogenetically, reaching essentially unchanged into maturity. In adult 
Ss, for example, it has been demonstrated consistently (Witkin, 19498, 


b; Witkin et aL, 1954) that men achieve significantly higher “field- 
independent” scores on the Rod and Frame than do women, and similarly, 
male Ss are significantly more skillful in perceptually uncovering a 
hidden geometric design from its obscuring context than are female Ss. 

But are the discovered sex differences in the particular perceptual 
тевропве classes also demonstrable ontogenetically, or might there be 
particular moments in chronological development in which such differ- 
enees are (1) not exhibited, (2) similar to those found in adult, Ss, 
(3) opposite to those found in adult Ss, and, finally (4) сап generaliza- 
tions be drawn from one specific set of responses to other related 
response classes or are both age and sex differences task-specific? 

It is to these general questions that the study at hand is addressed. 
More specifically, a comparison is sought between the responses to 
two particular types of perceptual tasks, an Embedded Figures task 
and a series of Reversible Figures, as they are given by boys and girls 
at different age levels: 9 years, 11 years, and 13 years. 

The choice of the stimulus material was based upon a number of 
considerations. The Embedded Figures task was selected primarily 
because of its wide use in related perceptual research and its demonstrated 
Telationship to a gamut of broader and more complex personality-related 
behavior patterns (e.g, Witkin, 1954, 1962). The Reversible Figures were 
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included because they represent an essentially different kind о stimulus 


material calling on perceptual-response operations that ar basieally 
different from those involved in Embedded Figures, and also because 
a series of recent investigations (Immergluck, 1966a,b,c) revealed 
significant and consistent individual differences in reversal amplitude 
which were found to be systematically related to other perceptual 
response and behavior categories. 

The particular age levels, 9, 11, and 13 years, were selected because 
it is at these phases within the developmental continuum that broad 


physiological, maturational, and behavioral changes occur, and more 
particularly changes in which significant sex differences might be logi- 
cally anticipated to exist. 


METHOD 


Subjects. Three S groups composed of 20 boys and 20 girls cach and 
representing the 9-, 11-, and 13-year age levels respectively (with a 


mean age of 9.4, 11.4, and 13.6 years) were selected from the rimary 
and secondary publie school system in Florence, Italy. All 120 Ss (40 
within each age group) came from a very similar middle-class socio- 
economic background and represented average academic achi vers for 


each school class. 

Embedded Figures task. Each subject, in individual sessi ns, was 
presented with 15 pairs of the Gottschaldt Embedded Figures (Gott- 
schaldt, 1926) printed on three sheets containing five designs «ach and 
preceded by a cover sheet containing printed instructions which were 
repeated and read orally by the E, and one pair of sample figures demon- 
strating and elarifying the nature of this partieular task. After the read 
and orally presented instructions together with the sample figures, the S 
was then required to trace with a specially supplied colored pencil the 
simple geometric design figure appearing on the left side in the complex 
design context pattern on the right. The instructions referred to a 5- 
minute time limit for this task and each S was asked to work as quickly 
as possible. The S's score is represented by the number of correct trac- 
ings within a 5-minute time module. 

The Reversible Figures tasks. Three widely known ambiguous figures, 
Rubin’s “Profile-Vase,” Rubin’s “Cross” (an octagon comprised of a black 
and white “windmill” cross), and the commonly employed reversible 
perspective “Prism” (a small square within a large square connected at 
their corners by diagonal lines) were respectively utilized as the Revers- 
ible Figures tasks. Each figure was presented for a 1-minute interval 
during which the S’s number of reversals (indicated orally by the S) was 
recorded. 
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RESULTS 
Embedde: ‘sures tasks. Table 1 compares the performance of boys 
and girls а h of the three age levels. At age 9 the female group 
achieved a ificantly higher score (x? = 5.01, p < .05) than did the 
boys, but n: ıificant differences were found at ages 11 and 13. Figure 1 
compares t| ean scores for the combined total S group as well as for 
the male an! \cmale S groups between each of the age spans (age 9 to 


ll: х= 31 p < 001; age 11 to 13: x? = 18.62; р < .001). 


S 


ONSE 
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o— — -o Female 
FUN. * Total Group 


MEAN NUMBER OF CORRECT RESP 
л 


о 9 П 13 
AGE (YRS) 


Fig. 1. Embedded Figures. Age and sex comparison of the mean number of correct 
responses, 


Reversible Figures tasks. Table 2 contrasts the male and female S 
SIOUDS at each age level in terms of the number of Ss who gave reversal 
responses to any or all reversible figures. Using this criterion, significant 
Sex differences were found at only the 9-year level, at which a greater 
number of male Ss gave reversal responses (x? = 923, p < .01). 

An age level comparison of the total number of Ss (combining male 
and female Ss) who gave reversal responses shows (Table 3) a significant 
"180 between age levels 9 and 11 (x? = 72, p < 01) but no significant 
difference between ages 11 and 13. Interestingly enough, a breakdown 
of the tota] 8 groups into male and female Ss. (cf. Table 3 and Fig. 2) 
Teveals that this significant age-related rise pertains only to the female 
p K = 129, р < 001), while the number of Ss showing reversal at 
these diverse age levels remains essentially unchanged for the male group. 
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Different res ire yielded, both in terms of age and sex contrasts, 
through. comp of reversal rate for those Ss who gave reversal 
responses. Tal »ows significant sex differences in reversal rate at each 
age level. Th: although the number of Ss who showed any reversal 
at all is esseni ‘he same for both male and female Ss at ages 11 and 
18, male Ss s! | a significantly higher reversal rate at all age levels 
than did the fle Ss (age 9: x? = 4.6, p < 05; age 11: x? = 41, p < 
05; age 13: y 1.4, p < .05). 
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‚В. 2. Rov Figures. Age and sex comparison of the number of subjects 
giving reversal ; uses, 
No significai age-related rise in reversal rate is revealed when one 


Considers total S group performance at each age level (Table 5) but 
separating these performance scores by sex shows the absence of age 
differences to hold only for male Ss while the rate of reversal increases 
Significantly from age level to age level for the female Ss (age 9 to 11: 
Y = 3.95, p < 05; age 11 to 13: x? = 48, p < 05). 


CONCLUSIONS 

_ The Presently obtained results pertaining to age and sex differences 
In responses given to a series of stipulated perceptual tasks suggest the 
ollowing conclusions: 
ata obtained from adult Ss may supply no valid clues with regard 
to the existence or direction of sex differences at younger age levels. In 
om to the reported sex differences in responses to Embedded Figures 
ound in adult Ss both in the United States and abroad (Witkin, 1954; 
Ndrieux, 1955; Newbigging, 1954), the presently obtained results reveal 
а female Superiority at the 9-year age level and no significant sex dif- 
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ference at ages 11 and 13. The implication is strong that the ontogenetic 
course of sex differences in this type of perceptual response follows a zig- 
zagging and overlapping pattern rather than a unidirectional path. 

The partieular pattern of sex differences uncovered by ontogenetic 
studies in a stipulated response category offers no valid clues for the 
existence of similar sex difference patterns in other response categories, 
such as perception, even if these are within the same general behavioral 
class. In contrast to the responses given to the Embedded Figures tasks, 
in reversal rate on the Reversible Figures Tasks male Ss were clearly 
superior to the females at all of the scrutinized age levels. Sex differ- 
ences, then, as far as ontogenetic development is concerned, appear to be 
task and response specific. 

This finding is particularly significant in the light of recent studies 
(Immergluck, 1966a,b,c) which in adult Ss demonstrated a close relation- 
ship between reversal amplitude in Reversible Figures and perceptual 
measures of field-dependence (i.e., field-independent Ss showed a signif- 
ieantly higher reversal rate than did field-dependent Ss). Since responses 
to Embedded Figures are commonly taken as an index of a S's field- 
dependence characteristic (correlating highly with other field-dependence 
measures), it may be logically assumed that responses to Embedded 
Figures and Reversible Figures should go together. The fact that this does 
not hold at all age levels-—as the present data indicate—suggests that 
both the mechanisms and the psychological meaning underlying these 
diserete perceptual response classes might be different at varying age 
levels. In short, one сап not be certain that a given set of perceptual 
responses which has a demonstrated usefulness as a valid measure of 
a given psychological dimension, such as field-dependence, in adult Ss 
provides a similarly valid index of such a psychological dimension in an 
ontogenetic context. 

Age changes in perceptual responses, like those pertaining to the pattern 
of sex differences, appear also to be task and response specific, and in 
some instances sex specific. While performance on the Embedded Figures 
increased very sharply from lowest to highest age level, no such per- 
formance increases were obtained with the Reversible Figures. Separate 
examination, however, of performance scores for male and female Ss 
reveals no age-related increase in reversal amplitude for males, but 
consistent increases for female Ss. Similarly, the absolute number of Ss 
giving reversal responses at each age level remains quite unchanged for 
boys, but increases significantly for female Ss. 

In an overview of the data at hand, it needs to be emphasized that the 
present study has tapped only a relatively narrow chronological age 
span, and, at that, employing but two circumscribed types of perceptual 
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tasks. But eve s narrow age and stimulus range yields data which 
underscore bo! © complexity and specificity of ontogenetic perceptual 
development i: ich sex. 

Finally, cons: ring the fact that the present S groups were obtained 
in Italy, the is=n¢ of potential cultural differences, while none have been 
reported in an array of relevant studies employing similar stimulus 
designs, needs ‘ be probed into in а more punctilious and systematic 
manner, particularly since such differences may have varying magnitude 
at diverse age levels. 
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Maintenance of Children's Behavior by Accidental 
Schedules of Reinforcement! 


PauL WEISBERG AND DALE B. KENNEDY 
University of Alabama and Rhode Island University 


Ss were trained to lever press for snack reinforcements under response- 
dependent schedules—either a variable interval 30 seconds, limited hold, 10 
seconds contingency (Exp. 1), or a variable ratio 15 contingency (Exp, 2). 
Following these baselines the schedule conditions were changed and most 


Ss were placed on extinction or on response-independent (accio ntal) 
reinforcement schedules, Accidental reinforcement in Exp. 1 was dispensed 
for all Ss at variable intervals having as an average, 30 seconds (^ ·. VI 


30 seconds) and in Exp. 2, dispensed at fixed intervals (Acc, F. . the 
duration of each interval not the same for every S, but for most * was 
near 16 seconds. In both Exp. 1 and 2 the accidental schedules mai; ‘ined 
the baseline response rates at higher levels and for more sessions (^. did 
extinction operations. The rates of proportionally more Ss were su-'iined 
by the Acc, FI (Exp. 2) than by the Acc. VI 30 seconds (Exp. 1); three 
Exp.-2 Ss after seven Acc, FI sessions were still responding at level: con- 
sistent with or higher than baseline. In Exp. 1 and 2, the cor lation 
between baseline and accidental reinforcement rates was greater than that 
found between baseline and extinction. 


The experimental arrangement whereby a reinforcing agent is pre- 
sented noncontingent upon behavior is called an accidental schedule of 
reinforcement. As originally demonstrated by Skinner (1948) and more 
recently by Herrnstein (1966), even though the contingency between 
some behavior and a known reinforcer is not deliberately programmed, 
a capricious relationship may nonetheless form and endure almost in- 
definitely. Accidental or noncontingent schedules may have two impor- 
tant functions: They may foster the development of new and “super- 
stitious” activities and/or they may maintain some already acquired 
behavioral pattern. 

In regard to the contribution of accidental schedules to the acquisition 
of behavior, many investigators (cf. Church, 1964) have administered 
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response-indep«! reinforeing events to a separate (yoked) control 
group as à me of testing possible "sensitization" and "activation" 
effects caused 1» reinforcing events themselves. In general the results 
of these studii ow that the delivery of reinforcers noncontingent 
upon behavio: he most only moderately enchances the to-be-con- 
ditioned respon \lthough the yoked control design may bias the 
frequency of r-ponse in favor of an experimental group receiving 
response-continuiir events (Church, 1964), delay of reinforcement 
gradient studic- ı Nimble, 1961) provide independent support for the 
contention tha! rapid rates of acquisition predominate when the conse- 
quences are :ı-lcmatically and immediately applied following some 
specified behavio 

Methodologi:\|\y, it seems easier to study the behavior-maintenance 
functions of ental reinforcement schedules than to observe how it 
produces new unknown forms of behavior. Thus a major difficulty 
in charting (|. velopment of superstitious sequences is the inability 
to specify аһ of time the ultimate form that these idiosyncratic 
behaviors wil ¢. A classification scheme to measure continuously and 
reliably all th: »^haviors which occur when an organism is given rein- 
forcements aı/ ' may prove infeasible, unless one has access to sophisti- 
cated video «| recording equipment. 

The presen! \jeriments considered the second function of accidental 
reinforcement -chedules: To what extent and under what conditions сап 
Tesponse-indej ident events sustain a child's behavior that was pre- 
viously conditioned by response-dependent schedules of reinforcement? 


Experimentally. this question can easily be implemented and cause little 
m the way of behavioral recording problems since a response must be 
identified and brought under the control of deliberate contingencies before 
the effects of accidental schedules are assessed. 


METHOD 


Subject and setting. Experiment I Ss were in temporary residence at 
а shelter home while Exp. 2 Ss attended a nursery school. Socio-economic 
level of the parents of both groups ranged from lower to upper lower 
class. Age of each S (in months) can be located in Figures 1, 2, and 3. 
Throughout testing sessions, S sat strapped in a highchair before a large 
Wooden superstructure, the inside of which contained a 70-bucket Uni- 
versal feeder and mounted to the exterior of which were a food tray 
and a red plastic lever. The lever was on S's right side and when pressed, 
it produced an audible click, About 6 feet from the rear of the SURE 
Structure was an equipment cart, housing a solid-state programming 
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console, impulse counters and a cumulative recorder. An adul: observer 
(O), seated behind the cart and mostly obscured from S's iow, mon- 
itored the console. 


Reinforcers consisted of a variety of snacks broken into sı ill pieces 
(cinnamon crackers, marshmallows, chocolate chips, potato sticks). 
Daily snacks, usually given as part of “snack time" were оп itted, and 
Ss were tested from 2% to 3 hours after their last meal. 

General procedure. Following a familiarization period, in which Ss 


were encouraged to accept snacks first from O’s hand and then from 
the food tray, Ss were individually magazine trained (Wei iberg and 
Fink, 1966; Weisberg and Tragakis, 1967). О, seated next to S, dis- 
pensed snacks via a microswitch connected to the feeder (the lever was 
removed), and took care not to reinforce the occurrence of superstitious 
behavior. O then gradually increased the number of long (over | minute) 


inter-reinforcement intervals in order to build a tolerance to the display 
of emotional behavior. Gradually, social and verbal encouragement were 
withdrawn altogether and the spatial distance between O «nd S in- 
creased successively until O delivered snacks while station! behind 
the equipment cart. Since these snacks were intended to con ‘itute the 
major source or reinforcement, control, henceforth, during ‘пс entire 
duration of each session, О assumed a perfunctory role, allowing only 


minimal verbal and social interaction. 
During subsequent acquisition and rate-strengthening sc-sions the 


lever was available and presses were reinforced over several {ixed ratio 
values in the direction of an FR-10 schedule. Under the ЕБ 10, all Ss 
received at least 30 reinforcements within one session and crnitted at 
least 20 responses per minute (rpm). In ease an S failed to respond 


within 3 minutes of the first acquisition session, O demonstrated, with- 
out verbally instructing, by passively placing S’s hand on the lever 
until three to five snacks were earned; this “priming” procedure was 
necessary only for S4, S11, and S16. The rate-strengthening procedure. 
together with the magazine training was usually accomplished within 
four sessions. 

Four Ss from Exp. 1 and three Ss from Exp. 2 were dropped because 
of failure to establish high (at least 20 rpm) and stable rates. Other 
Ss did not finish all the experimental conditions planned for them; 
an account of and explanation for these incompletions will be pro- 
vided in other sections of this paper. Ss were run at least 5 days а 
week, breaks being caused by temporary illness (S6, S17) or when an 
S was briefly united with his parents (S1). No new condition was 
instituted following a break of 2 or more days between adjacent sessions: 
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Experiment 1 

In the sessio :ollowing FR-10 experience, lever pressing was rein- 
forced accordi › à VI 30-second program tape having a range of 
1-120 seconds ıi lesher and Hoffman, 1962). A scheduled reinforcer 
remained available only for 10 seconds, after which failure to respond 
advanced the prosr:umming tape and erased the reinforcer. This “limited 
hold” (LH) 10-sccond contingency, by penalizing unduly long pauses, 
reduced their {quency and tended to produce steady responding 
throughout the V1 30 seconds. The criterion adopted for the maintenance 
of conditioned behavior was to run Ss for at least five sessions (40 
reinforcements por session) under the VI 30-second, LH 10-seconds 
schedule until : rate of 20 rpm or greater was established for two 
consecutive ses 8, 

Nine Ss fult] these baseline requirements. During the next experi- 
mental phase, programming and delivery of reinforcers were altered: 
Six Ss were | «d on an accidental or noncontingent reinforcement 
schedule, whe: reinforcements (40 per session) were delivered accord- 
ing to the pre: isly used VI 30-second tape but they were given in the 
independence ^s responding (ie., Асе. VI 30-second schedule) and 
the other three “s were not reinforced for responding (extinction), the 
VI 30-second iope used solely to define the duration of a session. 
Accidental reir ioreement and extinction conditions remained in force 
for several sessions until each S’s rate of responding dropped and 


remained below 50% of the value established by the last two VI 
30-second, LH 10-second baseline sessions. 

Following accidental reinforcement training for the six Ss on this 
tegime, baseline recovery was attempted; i.e., rate-strengthening by 
FR schedules and reinstatement of the VI-30 second, LH 10-second 
Contingencies. Four of these Ss were then switched to extinction. (Trans- 
fer of two children to their real or foster home accounted for subject 


- loss) 


RESULTS 
Figures l and 2 relate the changes in each S's response rate to the 
Various modifications in the reinforcement contingency. Only the rates 
9f the last three sessions of each S's original baseline (Figures 1A and 
) and of baseline recovery (Figure 1C) are shown. Omitted, there- 
Ore, are the rates stemming from the rate strengthening sessions and 
the four to five baselines sessions which usually preceded the last 
ĉe presented. Comparison of Figure 1B and 2B indicates that the 
Operations of noncontingent reinforcement and nonreinforcement func- 
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Fic, 1. Changes in response rate over experimental conditions, Only the last © 
three sessions of the original VI 30-second, LH 10-second baseline and ihe recovery 


baseline are shown. 


tioned to reduce previous conditioned behavior. However, the propor- 
tion of Ss who showed rapid reduction as against a gradual decline - 
in response rate differed. Extinction had the effect over time of abruptly 
lowering response rate for all three Ss while the rate of decline for 
three (S1, S2, and S3) of the six Ss placed on accidental reinforcement 
was slower. The extinction data in Figure 1D of four Ss (82, 88, 
S5, and S6) who were placed on extinction following a second baseline 
test also suggests that the process produced by extinction and the Ace. 
VI 30-second schedule are not the same. However, since it is common 
for behavior to progressively weaken upon repeated extinction tests | 
(cf. Millenson, 1967), this last finding may be equally interpreted as ай | 
order effect. 

References to Figures 1A and 1B shows that the degree to which the 
noncontingent schedule sustained behavior dependent somewhat upon ; 
the level of baseline responding with 81, S2, and S3 having the highest 
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Fic. 2. Extinction performance following the last three baseline sessions. 


baseline rates and being maintained longest by the Acc. VI 30-second 
schedule. On the other hand, the relationship between the level of 
baseline responding and the fall in response across extinction sessions 
is less clear (contrast the intra-subject functions in Figures 1C and 1D, 
and 2A and 2B). Since the programming of response-independent events 
exerted weak control for Ss having low conditioning rates (84, 55, 
and S6 in Figure 1А), Exp. 2 was conducted to enhance the influence 
of accidental contingencies by giving Ss a conditioning history which 
Would guarantee a higher rate of responding. In Exp. 2, reinforcement 
during baseline was made contingent upon the fulfillment of a response 
criterion by the utilization of a variable ratio 15 schedule, а schedule 
found to yield higher rates than a VI 30-second schedule (Weisberg, 
1969). Also in Exp. 2, the noncontingent reinforcement-extinetion 
Sequence was counterbalanced and, during accidental reinforcement 
Sessions, snacks were presented at fixed rather than at variable intervals. 
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Experiment 2 
Following FR-10 experience, nine Ss were placed on a VR-15 schedule 
(range, 4—40 responses) for at least six sessions. For one subgroup 
(N = 4), the plan was then to administer, a number of sessions con- 


sisting of accidental reinforcement, recovery of the VR-15 bascline, and 
extinction. In actuality, only S11 and S12 kept to this order; S10 was 
switched from accidental reinforcement directly into extinclion, skip- 
ping the VR recovery phase since responding did not deteriorate during 
accidental reinforcement and S13 did not complete extinction since 


he cried and protested upon repeated exposure to this condilion, The 
order of conditions for a second subgroup (N = 5), following the VR-15 
baseline was extinction, VR-15 recovery and accidental reinforcement 
with all Ss keeping to this sequence. 

During the accidental schedule, reinforcements were presented at 
fixed intervals (Acc. FI), the exact spacing of which was based upon 
the average rate of reinforcement obtained under the last two VR-15 
sessions. For example, S13 over the last two VR-15 sessions averaged 
about four reinforcements per minute and therefore throushout all 
accidental schedule sessions, received a reinforcer every 15 seconds 
(Acc. FI 15 seconds); the inset of Figure 3 specifies the FI value for 
each S. The same number of reinforcements were dispensed during 
each VR 15 and Acc. FI session; all Ss received 35 snacks except that 
25 were given to S16 because of a tendency to satiate early in the 
session. 


RESULTS 


Figure 3 plots the response rates to the two treatment orders, the 
top panel illustrating the process when the Ace. FI schedule preceded 
extinction and the bottom panel when it followed extinction. Again, 
only the rates of the last three VR-15 baseline sessions are displayed. 

As in Exp. 1, the response rates of a greater percentage of Ss were 
maintained for a longer period of time by noncontingent presentation 
of reinforcement than by nonreinforcement, Under extinetion, the rate 
of most Ss plummeted systematically, which by the fifth or sixth 
extinction session was rarely more than 15% of the average of the 
last two preceding VR-15 sessions. In contrast to the lack of behavioral 
maintenance by extinction is the pattern of responding under the 
various Acc. FI schedules, which for 510, 813, and S17 displayed no 
evidence of a decline and for S15 and S16 stabilized to a value which 
was about 55 and 30%, respectively, of the average of the last two 
VR-15 recovery sessions. The animal data of Skinner (1938, pg. 164) 
and Herrnstein (1968) show that previously conditioned behavior when 
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Fig. 3. Chane: in response rate over experimental sessions. Only the last three 
sessions of the ‹ nal VR-15 baseline and the recovery baseline are shown. 
subject to extensive training under Acc. FI schedules ultimately 
reached an asympotie rate that was about one-third to one-quarter 
the value obtained with actual contingencies. Needless to say, the 


frequency and length of exposure to the Acc. FI schedules employed 
herein is meager in comparison to these animal experiments; had 
training been extended, the rates of all Ss might have indeed fallen 
to similar levels. ir 
Selected cumulative records, reproduced in Figure 4, reveal the within 
session performance of two of the three Ss for whom accidental rein- 
forcement had the most durable effects (S10 and S17); also provided 
are the records of 511 to represent the failure of Acc. FI to maintain 
Previously conditioned VR. 15 responding. Two behavioral character- 
istics of S10 and S17 during accidental reinforcement is that responding 
Was distributed fairly evenly throughout a session and that shortly 
Defore a “free” reinforcement was delivered (pen reset) S was usually 
m the Process of lever pressing. S13 (records not shown) exhibited а 
Similar pattern except that responding during each FI was more 
accelerated. On the other hand, Ss not under accidental control (e.g., 
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Fic. 4. Cumulative records of the last VR-15 session preceding accidental rein- 
forcement (left side) and selected sessions of the Acc. FI schedule (right side) 
for three Ss, Pen resets at the end of each FI when a reinforcer is delivered. Arrows 
indicate some, but not all, of the occasions when no responses were made during 
an interval. 


S11) responded sporadically throughout a given session and, when 
responding occurred during an inter-reinforcement-interval, frequently 
several seconds of nonresponding elapsed before delivery of a reinforcer. 
Of special interest in Figure 4 is the absence of lever pressing by 810 
and S17 during some intervals (arrows), indicating that there was at 
least an opportunity for them to attend to changes in the reinforcement 
contingency, and yet, only some moments after these occasions, these 
same Ss returned to lever pressing. 
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DISCUSSION 

In Exp. 1 an’ lap. 2, the baseline response rates were maintained 
in a greater proj rtion of Ss working under noncontingent reinforce- 
ment conditions ап under extinction. Since noncontingent reinforce- 
ment has more «t iııııılus features in common with contingent reinforcement 
than is containo between extinction and contingent reinforcement, it 
is possible thai Xs during noncontingent reinforcement were less likely 
to detect a сике in the programming contingencies. Facilitation of 
behavioral maienanee because of trans-situational similiarity, how- 
ever, cannot account for the relatively greater number of Ss in Exp. 
2 sustained by ıcontingent reinforcement presentation than in Exp. 1. 
In Exp. 1, гей! vers came at variable intervals both during contingent 
and попсоп{їп i reinforcement sessions whereas in Exp. 2 reinforcers 
were delivered! fixed intervals during noncontingent reinforcement 
and at varial) intervals during baseline (Ss during the VR 15 pro- 
duced reinfor aperiodieally. One likely explanation for the dis- 
crepancy betw Ехр.-1 and Ехр.-2 Ss lies in the fact that the 
inter-reinforec (t intervals during accidental reinforcement were 
shorter in Ex; 2 (from 13 to 22 seconds) than in Exp. 1 (an average 
of 30 seconds). Thus, the higher reinforcement rates favoring Exp.-2 
Ss coupled wii; these Ss’ display of uniformly higher rates of lever 


pressing (because of the previous VR-15 schedule effects) would more 
strongly safeguard this behavior against extinction or, alternately, 
make it less likely for Exp.-2 Ss to engage in competing behavior at 
the time of reinforcement. 

Associated with reinforcement density is the role of reinforcement 
delivery and subsequent consummatory activities as discriminative 
occasions for continued responding. In the response-dependent VR-15 
Schedule, reinforeement presentations are assumed more likely to func- 
Чоп as occasions for lever pressing than in the time-based VI-30 LH-10 
schedule; when the schedule conditions are switched, the response- 
evoking properties of reinforcement delivery should, in the long run, 
interact more readily with the relatively short inter-reinforcement inter- 
vals of the Ace. FI schedule and help reduce the suppressive effects of 
3 otherwise long delay of reinforcement. Although in Exp. 1 and Exp. 
Sins Absolute rate of responding during baseline predicted adequately 
$ response level during accidental reinforcement, the stimulus prop- 
erties of snack presentation may account for some of the inter-subject 
differences found in both experiments, Spradlin, Girardeau, and Hom 
(eee) directly tested this stimulus function with retardates in 4 
Situation where reinforcement delivery was contingent upon 4 period 
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of nonresponding and found wide individual differences in the effee- 
tiveness of the reinforcer to repeatedly evoke responding. This function, 
however, was only moderately correlated with the retardate’s response 
rate engendered by an FR-50 baseline. Worth noting is that when the 8 
for whom reinforcement delivery exerted greatest control vas later 
placed on an Асе. FI-30 second schedule for three sessions, 4 high and 
sustained output resulted that was similar to that S's bascline per- 
formance. At what point in training this S, or any of our Ss who were 
maintained by accidental reinforcement, learned that reinforcement 
delivery was a stimulus for lever pressing (if, indeed our Ss learned 
this) is presently unclear and deserves further experimental assessment, 
To check the remote possibility that this function developed before 
baseline training, we presented to three already magazine-trained Ss 
(each, about 3 1/2 years old), 35 reinforcements on an accidental FI 
basis over a range of five to nine sessions (for two Ss the FI was 
15 seconds and for the other S, 18 seconds) and recorded the Irequeney 
of lever presses during each session. Aside from one session in which 
106 presses were tallied, in no other session did any S respond more 
than 20 times. 


The programming of response-independent events, arbitrarily desig- 
nated as an accidental reinforcement schedule, should not be taken as 
a demonstration of behavioral maintenance because of a capricious 


pairing of a response with a reinforcer. Although the sustained perfor- 
mances of S10 and SI7 (Figure 4) Suggest numerous instances where 
a lever press could have coincided with the delivery of a reinforcer, 
а more precise measurement of the time transpiring between the last 
response and reinforcement is needed as well as the proportion of these 
responses falling into one of the measured temporal intervals. Should 
the resulting gradients during noncontingent reinforcement differentiate 
between Ss displaying a rapid as against a slow decline in response rate, 
we would then be able to estimate the significance of accidental pairings 
toward the maintenance of behavior. 

Finally, the fact that noncontingent reinforcement failed to preserve 
indefinitely the rate of lever pressing of all Ss indicates the importance 
of the reinforcement contingency for the maintenance of behavior and 
supports the bulk of experimental literature on this subject (e.g., Ferster 
and Perrott, 1968; Hart et al., 1968). On the other hand, the differences 
between Exp. 1 and Exp. 2 suggest that, at this stage, it is best to 
couch any remarks about the efficacy of noncontingent reinforcement 
schedules in terms of the temporal parameters which define the schedule 
as well as to describe S's experience with and the kinds of performances 
produced by contingent reinforcement schedules. 


| 
| 
| 
| 
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Piaget's Conservation Tasks: The Logical and 
Developmental Priority of Identity Conservation! 


FRANK Н. Hooper 
West Virginia University 


The present research has investigated Elkind’s conceptual distinction 
between identity conservation and equivalence conservation. Although 
Piaget’s description and analysis of conservation acquisition rests primarily 
on considerations of identity conservation, his assessment format has been 
exclusively equivalence conservation. The present argument contends that 
equivalence conservation subsumes identity conservation ability, but also 
includes a necessary logical deduction sequence for adequate equi alence 
conservation performance. Accordingly, identity conservation should he an 
earlier developmental acquisition than equivalence conservation. 

Appropriate settings were devised for identity and equivalence со. serva- 
tion assessment which equated the two conservation tasks in terms ! per- 
ceptual cues and memory requirements. The tasks were administer. d, in 
а nonrepeated measures design, to equal numbers of males and “males 
at the kindergarten, first, and second grade levels. A nonparametric : voltiple 
contingency analysis revealed that the main effects of conservati: task 
type, age levels, and the sex dichotomy were significant, It was concluded 
that identity conservation definitely precedes equivalence conservation as 
а developmental achievement. Accordingly, Piaget's view of iden'íiv and 
equivalence conservation as simultaneous or concommitant developments 
is erroneous. Identity conservation cannot be adequately assessed in the 
conventional paired-stimulus format, and care should be taken in consider- 
ing identity processes or explanatory concepts as a complete description 
of equivalence conservation achievement. 


The Piagetian conservation task format has been the subject of 
detailed analysis with regard to its logical requirements (Elkind, 1967). 
Elkind’s analysis distinguishes between identity conservation (the con- 
servation of a given stimulus attribute, e.g., substance, weight, or volume, 
across a reversible transformation and with regard to a single stimulus 
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alone) an | ;uivalenee conservation (the invariance of a quantita- 
ve relationship «cross a reversible transformation of one of the elements 
that relatio <р). This conceptual distinction and the suggested 
lopments! progression from identity to equivalence conservation 
chievement i- е major focus of the present research. 
The major :-jccts of the conventional conservation task may be out- 
ned as follows: Given: Two stimulus items A and B; e.g., containers 
ith equal amounts of small seeds and three separate points or intervals 
in the conserv:lion setting. Time 1: A=B (A and B are judged as 


ontaining equal amounts of seeds); Time 2: B—C (The contents of 
) are transferred or transformed to a container of a different shape, C); 
lime 3: A ? € (The S is questioned as to the relationship, equality, or 


erence of :inount, between the standard stimulus A and the com- 
arison stimuli: C). 
Tf the S, «^ questioned at Time 3, responds that A = C, the E 
ers that B | C were in fact judged equal in amount. In contrast, 
response . ÆB results in the E's inference that В > С, hence а 
conservatio; judgment is assessed. 


E ote that the eonventional conservation setting outlined above 


ivalenee conservation by Elkind), the S is never actually 
uired to juizo overtly the relationship of stimuli B and C. Yet, the 
lization thi: the property at issue, i.e., the substance-amount, weight 
olume of the stimulus array does not alter following the transforma- 
lon of B to C, is patently essential to a correct solution of the criterial 

K Obviously, a S who does not judge B = C is not likely to “con- 
e" the relationship of A — B; therefore, A — C as outlined above. 
dentity conservation is defined as the realization that the single 
ulus transformation В into C does not alter a fundamental property 
€ quantity in question. Piaget’s explanation and description of the 
esses whereby the child gradually passes from a stage of noncon- 
ation to an intuitive and transitional stage and finally achieves the 
d stage of completely logically justified conservation performance is 
d directly on consideration of this identity ease. Thus, the three 
9r post-facto rationales which are logically adequate and consistent 
Piaget, e.g., addition-subtraction schemas—"nothing has been added 
Bken away”; reversibility—"if you poured the seeds back to the 
Container, they would have the same amount”; and compensation- 
ortionality or the compensation of relations—‘“that glass of seeds 
horter but narrower too.” refers to the relationship of B to C as 
above. The later explanation category, the compensation of rela- 
Plays a primary role in Piaget’s conceptualization of conservation 
sition. While identity conservation is the focus of Piaget’s theoret- 
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leal explanation and forms the basis for his description of the stages 
of conservation and quantifying coordination, his assessment format is 
primarily the paired-stimulus equivalence setting. 

Although the post-facto explanations or justifications cited above may 
well be veridical reflections of the processes leading to identity conserva- 
tion, they do not subsume or describe the total solution to the conven- 
tional equivalence conservation problem. In the equivalence case, the 
child’s successful completion of the problem demands two components: 
(1) A recognition of the B = C invariance, and (2) the logical deduction 
of A =B, В = О; therefore, A = C, or the maintenance of a quanti- 
tative relationship across the irrelevant transformation of one element 
in this relationship. It is this quantitative relationship which is the 
essence of the equivalence paradigm, and the only logical means to its 
solution. If the S (adult or child) is presented with only A and C, and 
asked to make a judgment concerning their relative amounts, under- or 
overestimation of опе of the stimuli generally occurs (Elkind, 1967). 
The S is faced with an illusion situation and a logical solution to the 
judgment questions is not possible without the previous information 
regarding an equality relationship. 

Since equivalence conservation requires the additional deduction 


sequence, it should be a later cognitive achievement than identity 
conservation. It also follows that identity conservation should be & 
necessary but not a sufficient prerequisite condition for adequate equiv- 


alence conservation performance. In contrast, Piaget apparently assumes 
“that identity and equivalence conservation are simultancous in time, 
and that the age of equivalence conservation is also the age of identity 
conservation, so that it is legitimate to infer the age of the latter from 
the age at which the former is attained” (Elkind, 1967, p. 23). From 
Piaget’s view, there is no contradiction in discussing identity conserva- 
tion processes while assessing performance in an equivalence setting. 

In assessing the relationship of identity and equivalence conservation, 
certain conceptual and methodological distinctions must be considered. 
These distinctions center upon the task requirements specific to each 
conservation setting. Ideally, equivalence conservation should differ from 
the identity case only with regard to the additional logical deduction 
sequence. Our problem becomes one of equating the identity and equiv- 
alence tasks in terms of all task requirements and perceptual features 
except for the latter tasks’ postulated deduction sequence. Identity con- 
servation involves a single stimulus array, subjected to a number of 
reversible, physical transformations. For example, colored seeds will be 
poured from the initial, standard container (A) to a comparison con- 
tainer (C) of taller and narrower dimensions. Following this transforma- 
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tion, the 5 м © questioned as to the relative amounts of seeds pres- 
ently in cont: C as compared to the amount previously in container 
A. This concvpiion of identity conservation assessment differs in two 
important 1з from equivalence conservation as measured in the 
conventional j\\red-stimulus format. The latter type of conservation 
includes the »\'\\itional deduction sequence described earlier and presents 
the S with an inmediate perceptual display in which standard container 
А and comparison container C “appear” markedly different. This per- 
ceptual disparity (heights or levels of seeds in the present setting) is 
considered ни vssential aspect of valid conservation assessment for 
Piaget. The 5 must demonstrate via his logical explanations, that the 
Same amount ol material is present in both containers in spite of the 
perceptual incongruity. 

The prese: ilentity conservation task requires the S to “remember” 
the situation ior to transformation or pouring of the seeds, e.g., how 
the seeds ij red in standard container A, level attained, etc. Piaget 
and Elkind |... suggested drawing a reference point or “guideline” on 
the standard | \itainer to assist the S in recalling the previous seed level 
thus equatin: the identity task with conventional equivalence con- 
servation assi~sment. Another possible solution is to remove the standard 
stimulus array from the S's immediate perceptual field; e.g., place the 
standard container A behind an opaque sereen immediately prior to the 
transformation of the seeds in container B to comparison container C, 
thus requiring the S to “remember” the appearance of container A. 
This procedure (termed equivalence conservation I) will be used in the 
Present rescarch. It is comparable to the identity conservation task 


format in terms of memory requirements and perceptual cues presented 
to the S. In addition, a conventional paired-stimulus format (termed 
equivalence conservation II) as used by Piaget and other researchers 
will be included. In this case, all the stimulus arrays will be kept in full 
view of the S. Since the two equivalence tasks share the criterial logical 
deduction Sequence, the number of conserving Ss is not expected to 
differ for these conditions, Accordingly, in the analysis to follow, if 
equivalence conservation I is not found to differ significantly from 
equivalence conservation II, these settings will be combined to form а 
“ingle, overall equivalence conservation condition. 
сше the perceptual incongruity between standard and comparison 
vamers is an integral aspect of the conservation tasks (identity and 
; valence Cases), it seems appropriate to examine the effects of vary- 
ng degrees of perceptual disparity upon each of the present conservation 
Settings, Piaget has cited cases of children at the transitional or 
“mediate stage IT level who conserve when presented with moderate 
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degrees of perceptual disparity, but who break down and claim: different, 
amounts of material are present when extreme transformations are 
performed. This appears to be one of the major aspects of the transition- 
ary stage description; i.e., “an intermediate stage in which the child 
achieves conservation in the simple case, but resorts to intuitive per- 
ception for the extreme deformations” (Piaget and Inhelder, 1962, p. 21; 
author’s translation). If the amount of conflicting perceptual cues is a 
major factor, a conservation task with an extreme physical change 
should be more difficult than one involving a moderate physical change. 
Accordingly, each of the three major conservation tasks conditions, 
identity, equivalence I, and equivalence II, will include two degrees of 
perceptual transformation or deformation, a moderate and an extreme 
comparison container. 


METHOD 


Subjects 


Subjects were drawn from the kindergarten, first, and second grade 
classrooms of two elementary schools in Mt. Clemens, Michigan. The 
schools are in predominantly white, middle-class neighborhoods. Jighteen 
males and eighteen females from each grade level were randomly assigned 
to the various conservation task conditions. The age means for (he three 
grades involved were 6, 7, and 8 years, respectively. Teaclier-admin- 
istered Primary Mental Abilities (from 7-1901, revised 1964) test 
scores indicated IQ means and standard deviations of 111.4 (1247), 
111.8 (12.88), and 109.2 (12.07) for the kindergarten, first, and second 
grades. 


Task Materials 


The basic task format included plastic bottles containing equal 
amounts of small seeds dyed four different colors and glass containers 
of constant volume and varying shape. The containers used in each of 
the conservation task conditions are described below. 


Dimensions 


Container Height Diameter 


Standard 50-ml beaker 2inches 134 inches 
Moderate transformation 50-ml graduate cylinder 2inches 114 inches 
Extreme transformation 50-ml graduate cylinder 8 inches 34 inches 


In addition, a plastic funnel, an opaque screen, and a tape recorder 
were used. 
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Procedure 

An attempt wis made to create a relaxed atmosphere to insure max- 
imal verbalizt;»ns from the children. The Ss received a preliminary 
"warm up" experience to familiarize them with the E, the containers 
and seeds, the procedure of seed-pouring, ete. This introductory experi- 
ence used a 100-1] beaker and two smaller 30-ml containers. After the 
S had poured ile white seeds into the 100-ml beaker, the E poured 
unequal amounts of these seeds into the two 30-ml containers. The S 
was then asked, "What can you tell me about the seeds in these two 
glasses?” Following the S's indication that one container had more seeds 
than the other, the E poured additional seeds into one of the containers, 
thus. equalizins the amounts. The S again was asked “What can you 
tell me abou! the seeds in these two glasses?" A record was kept 
of those Ss who spontaneously used the terms “same” or “equal 
amounts” of -veds. If the S failed to conclude spontaneously that 
the glasses contained equal amounts of seeds, this was pointed out, 
with special «mphasis on the term “amount.” In this manner, at 
least a rudicntary understanding of the criterial phrases “more 
Seeds" and “~ume amount of seeds" was insured for each S. Follow- 
Ing this oricniation, the S received three experimental trials, each 
dealing with different colored seeds, In each instance, the S personally 
poured the seels from the plastic bottles to the standard containers and 
from these containers to the appropriate comparison glasses. When the 
Initial seed pouring was completed (and an amount-equality judgment 
agreed upon by the S and E for the equivalence conservation cases), 
the transfer to the comparison container took place. Following this, the 


criterial question specific to each experimental condition was presented, 
€g, “Does this glass (gesture to the comparison container) have the 
Same amount of seeds or more seeds than this glass (gesture toward 
Standard container) has?” The position of the “more” and “same” 
Phrases were alternated from trial to trial in each experimental condi- 
tion. The S's objective response and the supporting reasons and explana- 
tions for this judgment were tape-recorded. All test, administration was 
done in а room separate from the child's classroom setting. Total admin- 
istration time was 10-15 minutes. Procedures specific to the three major 
Conservation task-formats were as follows: 

(A) Identity Conservation—This case centers on a single, fixed 
NM of seeds which was transferred from the standard 50-ml beaker 
ti either a graduate cylinder 4 inches in height (moderate transforma- 

D) or à graduate cylinder 8 inches in height (extreme transformation). 
ollowing each transformation, the S was asked, “Does this glass (ges- 
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ture toward comparison container) have the same amount oi seeds о: 
more seeds than this glass (gesture toward the standard container 
had before?" This procedure was repeated with different colored seed: 
to yield three separate trials. 

(B) Equivalence Conservation I—This case centers upon two identical ; 


50-ml beakers (A and B) with equal amounts of seeds poured into each. 1 
Following S-E agreement regarding this equality, container A was moved "| 
behind the opaque screen and the contents of container B were poured 

into container C (representing either a “moderate” or “extreme” trans- / 
formation as described above). The S was then asked, “Does (his a 
(gesture toward comparison container C) have the same amount of seeds “dl 


or more seeds than this glass (gesture toward standard container behind 
the screen) has?” This procedure was repeated with different colored 
seeds to yield three separate trials. 

(C) Equivalence Conservation II—This case refers to the conven- 
tional paired-stimulus conservation setting. Identically shaped con- 
tainers A and B (50-ml beakers) were filled with equal ‘amounts of 
seeds. The contents of B were transferred by the S to container C (rep- 
resenting either a “moderate” or “extreme” transformation). Tlie S was 
then asked, “Does this glass (gesture toward comparison container C) 
have the same amount of seeds or more seeds than this glass (gesture 
toward standard container A) has?” In this condition, all the containers 
were kept in full view of the S. This procedure was repented with 
different colored seeds to yield three separate trials. 


Scoring 


All the task sessions were tape-recorded in their entirety and the final 
determination of response categorization was done at a later time. The 
same scoring criteria were applied to all the experimental conditions, and 
this included the objective response, more or same amount, and the as- 
sociated rationales offered by the S. In order to pass a given trial, ће $ 
had to make an equality judgment, e.g., same amount of seeds, and sup- 
port this estimate with an adequate explanation. The Ss’ explanations 
were classified as inadequate, e.g., reasons based upon the immediate | 
perceptual features of the task setting or irrelevant statements, or | 
adequate, e.g., Reversibility: “You can pour the seeds back into the first. 
glass and they would have the same amount”; Statement of the oper- — 
ations performed: "I just poured these seeds into this glass so they still 
have the same amount”; Addition-subtraction: “I didn't add any seeds": 
or "We didn't spill any seeds" or "That glass (comparison container) 
didn’t have any seeds in it before we poured these seeds into it”; 
Compensatory Relations-Proportionality: “That glass is short and fat, 
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ut this on» is tall and skinny so they have the same amount” ; *Same- 
ness" of seed: "These are the same seeds here (comparison container) 
as we had in lıcre (standard container)"; and References to the previous 
amount of scis or the previous state of equality between containers A 
and B: “This glass has the same amount of seeds as this one (refers to 
standard container А and comparison container C) because these two 
glasses (reivis to standard containers A and B) had the same amount of 
seeds when we started.” 

Conservation performance in the present study is viewed as an es- 
sentially discontinuous, all or none achievement. Ss who passed two or 
three trials arc scored as conservers, and this criterion is in accord with 


the pass/fail specifications of a number of previous investigators, e.g., 
Kooistra (1004), Shantz and Sigel (1967), Sigel, Roeper, and Hooper 
(1966). No attempt was made to designate an intermediate category or 
stage. 
RESULTS 

Two issis of initial concern are the relationship of equivalence con- 
servation | and equivalence conservation II, and the possibility of 
distinctive nale vs. female performance patterns. Table 1 presents the 


number oí males and females passing the conservation tasks for the 
various experimental conditions and age-grade levels. Considering, first, 
the relationship of the equivalence conservation cases Table 1 indicates 
very little difference in the number of conserving Ss for each of these 
conditions. 

For all ages combined, the percentages of Ss passing equivalence con- 
Servation I and II are noticeably similar, e.g, 44.4% and 41.6%, 


TABLE 1 
THE NUMBER or MALES AND FEMALES PASSING THE CONSERVATION TASKS FOR 
THE VARIOUS CONDITIONS AND AGE LEVELS , 


Types of conservation task 
Identity Equivalence I Equivalence II 
Degree of transformation: Moder. ext. Moder. ext. Moder, ext. 
Age levels 

| Kindergarten Male 3 2 1 0 0 0 
? Female 1 0 1 0 0 0 
First Grade Male 3 2 2 д 2 2 
3 Female 1 3 0 2 2 1 
Second grade Male 2 3 3 2 3 3 
Female 2 2 ib 2 1 1 
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respectively, (Chi-square = .056, 1 df, p < .90). Considering the various 
age levels separately, 66.7% of the second graders passed equivalence I _ 
and 66.7% passed equivalence II. For the first graders the valucs are 50 — 
and 58.396 of the equivalence I and equivalence II tasks (Chi-square = 
168, 1 df, p < 70). Although none of the kindergarten Ss passed equiv- 
alence II, while 16.7% passed equivalence I, this difference also fails to 
reach significance (Chi-square = 2.182, 1 df, p < .20). We may conclude, 
therefore, that the two equivalence task formats which share the criterial 
logical deduction sequence do not differ significantly for the present 
sample. Male/female differences, however, are clearly evident in the 
present results. Across all conditions and age levels, 64.8% of the male 
Ss and 37% of the female Ss were conservers (Chi-square = 7.262, 1 df, 
p < .01). Consequently, male and female performances will be considered 
separately in the following analysis. 

For all age levels and task conditions combined, 50.9% of the Ss were 
classed as conservers and 49,1% as nonconservers. A form o! analysis 
appropriate to this pass/fail classification is the multidimensional Chi- 
square analysis suggested by Sutcliffe (1957) and Winer (1962, pp. 629- 
632). The present design conforms to Sutcliffe’s case 2b with certain 
restricted classifications and certain parameters estimated fron: the ob- 
served data. The partitioning of the overall Chi-square derived from 
Table 1 indicated significant main effects for the age-grade levels (Chi- 
square = 18.301, 2 df, р = <.001), the type of conservation tasks; 
identity condition compared to combined equivalence conditions (Chi- 
square = 5.353, 1 df, p — <.05), and the male/female dichotomy (Chi- 
square = 7.262, 1 df, p = <.01). None of the various interaction values 
approached significance. 

The significant positive relationship between age-grade levels and 
conservation ability is primarily due to the differential performance of 
kindergarten Ss compared to the first and second graders. For all con- 
servation task conditions combined, 22.2, 61.1, and 69.4% of the kinder- 
garten, first and second grade Ss were conservers. Individual comparisons 
indieated significant differences between the kindergarten and first grade 
(Chi-square = 11.10, 1 df, p = <.001) and between the kindergarten 
and second grade (Chi-square = 16.17, 1 df, p = <.001). The first grade/ 
second grade differences were not significant, e.g., Chi-square — .551, 1 
df, p = <.50. 

Considering the type of conservation task, for all ages combined, 
66.796 of the identity Ss conserved, compared to 43.1% of those Ss in the 
equivalence conservation conditions. Thus, equivalence conservation is 8 _ 
more difficult behavioral achievement than identity conservations. A — 
though the age/levels conservation task-type interaction values did not 
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approach siuiılicance in the overall contingency analysis, there is some 
indication tho relationship of identity and equivalence conservation 
alters over the present age range. 9.1, 54.2, and 66.7% of the kinder- 
garten, first, nd second grade subsamples passed equivalence conser- 
vation. These values may be compared to the percentages of Ss passing 
identity conservation, e.g., 50, 75, and 75% for the kindergarten, first, 
and second тез, respectively. While all these differences favor the 


identity conservation ease, only the comparison for the kindergarten 
Ss is significant, e.g, Chi-square = 8.026, 1 df, p = <.01. Thus, the 


differences | tween identity and equivalence conservation are most 
notable at ilo lower age level, and they tend to diminish as the first 
and second «ride levels are reached. This is especially true of male sub- 
samples in which the numbers of equivalence and identity conservers are 
markedly (rent at the kindergarten level, but are very closely 
matched by | i^ second grade. 

As indies) above, male and female performance patterns differ 
markedly in һе present study. Inspection of the pass/fail patterns and 
the absence oi any significant interactions indicates a consistent male 
performance ~uperiority. Considering the identity/equivalence distinc- 
tion, male irl пісу conservation performance is uniform (83.3% passing) 
for all thre: age-grade levels. Adequate equivalence conservation per- 
formance, in contrast, increases sharply from the kindergarten (8.3%) 
to the first «rade (67.7%) to the second grade (91.7%). The female Ss 
show a similar inerease in the number of conservers from kindergarten 
to first grade for both identity and equivalence conservation subtypes, 


€g., 20-67.770 for identity and 8.3-41.7% for equivalence conservation. 
However, the number of female Ss achieving either type of conservation 
does not alter from the first grade to the second grade. 

It was expected that greater numbers of conservers would be found for 
the moderate degree of physical transformation as compared to the 
extreme transformation cases. This is clearly not the case, for the degree 
of physical transformation shows a notable lack of influence on both 
identity and equivalence conservation performance. Across all age-grade 
levels, task conditions, and subsamples 51.8% of the Ss in the moderate 
transformation conditions conserved as compared to 50% in the extreme 
transformation cases. 

In addition to the preceding considerations, it is possible to examine 
the three conservation task-types in terms of the logical explanations 
offered by the Ss. The adequate rationales supporting an objective 
Tésponse of “same amount” may be classified into various sub-categories. 
Table 2 gives the relative percentage of satisfactory explanations for the 
identity, equivalence I and equivalence II conservation tasks. The per- 
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TABLE 2 
PERCENTAGES OF THE MAJOR ADEQUATE RATIONALE CATEGORIES rok THE 
THREE Basic Conservation TASK CONDITIONS 


Type of conservation tis 


Explanation category Identity Equiv. I Equiv. Ш 
1. Reversibility 4.8 4.3 2.2 
2. Statement of the operations performed 11.1 — = 
3. Addition-subtraction 50.8 2.2 6.7 
4. Compensatory relations-proportionality 25.4 17.4 13.3 
5. “Sameness’’ of seeds 7.9 6.5 — 
6. Reference to the previous state — 69.6 77.8 


centages in this table are based upon the total number of primary or 
final explanations offered by the Ss in question. Children occasionally 
offered supplementary explanations in conjunction with the primary 
justifications represented in Table 2. There were 17, 7, and 9 of these 
mixed response instances in the identity, equivalence I, and equivalence 
II conservation cases, respectively. 

The patterns for equivalence I and equivalence II are clearly similar. 
The type of explanation predominantly given in the equivalence con- 
servation formats is a reference to the previous state of equality between 
stimuli arrays A and B. Compensatory relations-propo:!ionality, 
reversibility, and addition-subtraction explanations also appear as 
justification for equivalence conservation but in much lower proportions. 

In contrast, the most frequent adequate rationale appearing in the 
identity conservation case centers on addition-subtraction schemas, e.g; 
“No seeds were added or taken away.” This type of rationale accounts 
for only 2.2 and 6.7% of the total number of adequate explanations 
offered for equivalence I and equivalence II conservation. Compensatory 
relations-proportionality explanations also appear more frequently in 
identity conservation as compared to the equivalence cases. 


DISCUSSION 


The present investigation has indicated a conceptual distinction within 
conventional Piagetian conservation tasks. Identity conservation, as 
Elkind (1967) has shown, is logically prior to equivalence conservation. 
The present results indicate that identity conservation is development- 
ally prior to equivalence conservation. Adequate identity conservation 
performance occurred more frequently than equivalence conservation for 
all age levels assessed. We may conclude that for discontinuous quantity, 
identity conservation is an earlier developmental acquisition than 
equivalence conservation. 


| 
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The type o! / splanations offered in support of objective conservation 
judgments а!) indicate distinctions between identity and equivalence 
conservation. \- Table 2 indicated, the predominant explanation cate- 
gories for tho «lentity and equivalence cases were noticeably different. 
Approximate: 50% of the identity explanations focused upon addition- 
subtraction > попав, e.g., “no seeds were added or taken away.” This 
response has +cnerally been considered an explicit, logically consistent 
justification «ud unequivocal evidence of successful conservation per- 
formance, с. Piaget (1952), Piaget and Inhelder (1962), and Smed- 
slund (1961) Its differential appearance in the present Ss’ identity 
explanations adds further support to the developmental priority of 
identity over «quivalence conservation. 

The equiv: lence conservation ease, in contrast, is usually “solved” by 
а reference to (he previous state of equality between standard containers 
A and B. Acknowledging the dangers of an uncritical acceptance of 
young childr u's introspective rationales, e.g, Piaget (1954), Werner 
(1957), it i: noteworthy how often the present equivalence subjects 
offered reaso.~ closely approximating a logical deduction sequence. 

For exam... Subject D. Н. (Male, Ist grade, Equivalence II) : “Cause 
this glass avi this glass (gesture to standard containers) had the same 
amount ani! vou poured this glass into there and it’s skinnier so it looks 
like more. N^ it doesn't have more because these two (gesture toward 
standard containers) had the same amount to start out with.” Subject 
8. M. (Female, Ist grade, Equivalence II): “Because that one was the 
Same amount and we poured it into here—and the glass is thinner so it 


makes it look а little bit more but it’s still the same amount. Because it 
was the same as that one ( gesture to standard) before in that glass.” 

Thus, the primary explanation underlying equivalence conservation 
focuses upon the original equality relationship which is an integral aspect 
of the postulated logical argument. As described earlier, it is this logical 
deduction Sequence which formed the basis for a conceptual distinction 
between the identity and equivalence conservation cases. The present 
"esearch indicates, in contrast to Piaget’s position, that identity and 
equivalence are not simultaneous or concommitant developments. Piaget 
18 Incorrect, in attempting to explain equivalence conservation acquisition 
solely in terms of identity conservation mechanisms or processes. Also, 
it is clear that the equivalence conservation task format is not the most 
*pPropriate means of valid identity conservation assessment. 

In view of the heavy emphasis previous investigators have assigned to 
Perceptual cues in conservation task formats. The lack of difference 
н moderate and extreme transformations is surprising. Although 

Present results may be specific to the particular container sizes and 
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materials used, they are in essential accord with Fiegenbaum’s (1963) 
finding that no relationship was present between differential comparison 
container size and conservation problem solution. If we ac cept the 
validity of Piaget’s stage descriptions, e.g., Piaget and Inhelder | 1962, p. 
21), the transitional or intuitive (stage II B) level is not represented by 
the present Ss’ performances. Conservation ability was either conipletely 
absent or present in the final, generalized stage which is not subject to 
variations in perceptual disparity or task complexity. 

The role of perceptual cues is also involved in the lack of differences 
found between equivalence conservation I and equivalence conservation 
II. The screening of the standard stimulus container prior to the trans- 
formation had virtually no effect on conservation performance. Ap- 
parently, the “image” of the hidden container was sufficient to produce 
the perceptual incongruity essential to equivalence conservation assess- 
ment. There is also the possibility that subjects utilized the empty stand- 
ard container B as a guideline or reference in judging the A-C relation- 
ship. It should be made clear that the present sereening procedure differs 
from Bruner’s format which screened the comparison container and the 
results of the transformation, e.g., Bruner, Olver, and Greenfield (1966). 
Nonetheless, reduction of immediate perceptual cues was not an impor- 
tant factor in the present study. 

In addition to these primary considerations, the present research has 
revealed notably different male and female patterns. While male and 
female Primary Mental Abilities IQ scores were not significantly dif- 
ferent for any age-grade level, male Ss were consistently superior for all 
task conditions and age levels, Not only are the absolute frequency levels 
different, but, of perhaps greater importance, the relationship between 
identity and equivalence conservation is not the same for males and 
females. For the kindergarten girls, identity and equivalence conser- 
vation performances are at the same level. The frequeney of both con- 
servation types increases from the kindergarten to first grade level with 
identity showing a marked superiority. Neither case shows any increase 
from the first to second grade level. Thus, the priority of identity con- 
servation as compared to equivalence conservation is not evident until 
the first-second grade levels for female Ss. For males, in contrast, the 


^ At the conclusion of the equivalence I tasks, each S was asked to indicate the 
approximate level the seeds would reach if the contents of the hidden container А 
were poured into the empty standard container B. 91.7% of the Ss anticipated 
the level accurately, thus indicating а reasonably clear idea or image of the screened 
container's level. There was little relationship between correct anticipation and 
conservation achievement. This agrees with Inhelder's (1965) report that correct 
anticipations of transformation outcomes precede adequate conservation performance. 
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greatest differ icc between identity and equivalence conservation tasks 
is at the kincorsarten level. As mentioned previously, male equivalence 
conservation | rlormance levels converge with identity conservation at 
the second gride. In terms of absolute score superiority and develop- 
mental progression, the male Ss appear more advanced than their female 
counterparts 

The problem of an adequate understanding and use of the criterion 
relational termis "more" and “same amount” may also be related to the 
present sex cli!lcrences. Thirteen Ss, nine girls and four boys spontane- 
ously and appropriately used the term “same amount” in the orientation 
session which preceded the conservation tasks proper. All four males 
passed their respective conservation tasks. Eight of the nine females 
failed to соп- туе, Apparently, the presence of the relational terms in 
the Ss’ vocabulary has a different functional significance for males as 
compared to \ males. This lack of prediction between operational usage 
of the relations] terms and conservation performance for the female Ss 
Supports an «lier finding by Shantz and Sigel (1967). 

Tt should | emphasized that the present distinction between identity 
and equivalence conservation differs considerably from Piaget’s (1968) 
recent state) icnts concerning identity concepts. Piaget distinguishes the 
Conservation of quantitative invariants, i.e., substance, weight, volume, 
number, etc., from qualitative invariants which are preoperational in 
nature. The latter category is termed preconservational identity by virtue 
of its lack of quantitative composition (compensation of relations, for 
example) and is demonstrated by Ss who assert that the amount of water 


has changed following a reversible transformation but who maintain it 
15 the "same water" as before. Piaget states, “In this case, the invariant 
18 obtained without quantitative composition; there is simply a dis- 
sociation between a permanent quality (the same water . . .) and the 
variable qualities (the shape or size), but there is no composition of these 
Variations" (Piaget, 1968, p. 19). This position is essentially similar to 
the Bruner et al. (1966) views on identity concepts as distinct from con- 
Servation concepts. The present author's viewpoint in contrast, to Piaget 
and Bruner, distinguishes between two varieties of conservation acquisi- 
D шу vs. equivalence) within the conventional conservation task 
rmat. 
The present identity /equivalence distinction should be examined in ad- 
‘tional content areas and task material settings. Insofar as quantity 
Concepts are concerned, it is probably true that identity conservation 
Performance will vary depending upon the concept area in question and 
© Specific task material used. This has been the case with conventional 
*quivalence conservation, e.g., the horizontal décalage of substance, 
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weight, and volume, and the greater difficulty presented by continuous 
stimulus material settings as compared to discontinuous таќег:: 1з, The 
relationship between identity and equivalence conservation, however, 
would not be expected to vary as a function of the conceptual «reas or 
task materials. 

Methodologically, a more stringent test of the logical and develop- 
mental priority of identity conservation would involve a repeated 
measures design with the Ss receiving both identity and equivalence 
conservation tasks. Assuming adequate statistical control or eva uation 
of task carry-over effects a significant number of Ss who pass identity 
and fail equivalence would support the present relationship. Conversely, 
a sizeable number of Ss failing identity and succeeding on equivalence 
conservation would be a clear-cut refutation of the present position. 

A recent assessment of rural Appalachian children (Hooper and Mar- 
shall, 1968) evaluated the identity/equivalence conservation relai ionship 
utilizing similar task materials and scoring criteria in a repeated mea- 


sures design. Eighty five- and six-year-old Ss were tested, and 25% 


succeeded on the identity task compared to 13.75% for the equivalence 
conservation case. Моге importantly, while 75% of the Ss Тай both 
tasks, 13.75% passed both tasks, and 11.25% passed identity and failed 
equivalence, no Ss passed equivalence and failed identity conservation. 
These results add considerable support to the present contentions, 

Finally, the position of identity conservation as a central element 
within the equivalence task requirements suggests a possible training or 
enrichment program for promoting conventional, equivalence conser- 
vation acquisition. Since identity conservation may be viewed as a neces- 
Sary but not sufficient prerequisite for equivalence conservation per- 
formance, it would seem appropriate to train children on identity task 
settings. This could focus upon the critical physical alteration of stimulus 
B to C in the identity setting. A possible training procedure stressing the 
discrimination of similar spatio-temporal stimulus transformations has 
been proposed by Watson (1968). General diserimination-memory train- 
ing of this type has been found to influence quantity and number conser- 
vation acquisition, e.g., Shantz and Sigel (1967). 
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Feedback versus No-Feedback in Testing Children's 
Knowledge of English Pluralization Rules 


BRENDA Bryant! AND MOSHE ANISFELD 
Cornell. University, Ithaca, New York 


Kindergarten pupils were asked to construct plurals for new synthetic 


singular nouns (Singular-Plural sequence) and to construct singulars for new 
plurals (Plural-Singular sequence). Half of the Ss performed these tasks 
under a Feedback condition where they were corrected if wrong, and half 
under a No-Feedback condition where they were not informed whether right 
or wrong. The Ss performed better on the Singular-Plural task than on the 
Plural-Singular task in the No-Feedback condition. The Feedback cov lition 
produced substantial improvement in the latter task and only mild improve- 


ment in the former, resulting in equal scores for the two tasks. It wı» sug- 
suggested that the Plural-Singular sequence is inherently easier than 
the Singular-Plural sequence but that the latter is more highly praci «d in 
everyday life. Minimal learning experience (Feedback), however, . ems 
sufficient to equate the two sequences, 


This study compares two methods of testing kindergarten children for 
their knowledge of English pluralization rules. Under one condition of 
testing, S is given feedback information concerning the correctness or in- 
correctness of his responses, and in the latter case he is supplied with the 
correct, answer. Under the second condition, no such feedback is provided. 

The choice of the plural allomorph for regular English nouns is con- 
ditioned by the final sound of the singular form of the noun. The az] 
plural allomorph follows the sounds /8/, /2/, /sh/, /zh/, /ch/, and /j/, 
as in dishes and watches. The /s/ allomorph follows the voiceless con- 
sonants /p/, /t/, /k/, /f/, and /th/, as in hats, ducks, and months. The 
/2/ allomorph follows all voiced sounds. The /t/-class can be divided 
into the following three subcategories: (a) The consonants /b/, /d/, /&/ 
/v/, and /% / (e.g., hives and tithes) which are constrained on general 
phonotactic grounds to take а /z/ rather than an /s/. (The sounds listed 
for the /s/ allomorph are all so constrained.) (b) The consonants /l/, 
/r/, /m/, and /n/ (e.g., balls and cans) which if not for the pluralization 
rule would be free to be followed either by /z/ (e.g., bronze) or by /s/ 
(e.g., dance). (c) Vowels and diphthongs, as in sofas and days. Category y 
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(c) is also fre idence the pronunciation of the (s) in the pair pass-pas 
(fathers). 

Psychologist- ııave investigated to what extent and in what form young 
children have ^rnalized these rules (Anisfeld, Barlow, and Frail, 1968; 
Anisfeld and ‘ordon, 1968; Anisfeld and Tucker, 1967; Berko, 1958). 
The present «iment was directly motivated by the Anisfield-Tucker 
study. They 5-1 three production tasks in studying the pluralization 
rules of 6-ye: old children. In these tasks, the children were introduced 
to synthetic nouns, depicting new creatures, either in singular or in plural 
form and were requested to produce the complementary form. The chil- 
dren in this study tended to perform better when they were given the 
plural and ha] to produce the singular (to be referred to as the Plural- 
Singular sequrııre) than when they were given the singular and had to 
produce the plural (Singular-Plural sequence), although the difference 
between the i ı0 sequences reached significance only in one task. This 
finding indies. that it was easier for the children to drop off the plural 
suffix from tl inflected form than to add on the plural suffix to the 
singular. In i'i- study Ss were given informational feedback after each 
response: Wl, 8 gave a correct response he was reinforced with “good” 
and when hi save a wrong response he was told “no,” and although a 
Wrong respo:-. was recorded in the latter case, S was given a chance to 
try again. Wion the additional tries did not help S to produce the correct 
response, it «ıı given to him by E. A preliminary investigation has shown 
that the Phi: i-Singular sequence does not maintain its higher perform- 
ance in a ta-k which provides no informational feedback. In view of 
this, it seemed promising to compare directly in one experiment the feed- 
back and no-feedback conditions. The present study was designed for 


this purpose 


METHOD 

Subjects 

The Ss were 72 kindergarten pupils, including 34 boys and 38 girls, en- 
rolled in two schools of the Ithaca (New York) School District. d 
M age was 5 years, 11 months. All Ss were native speakers of English. 
Their parents’ occupations ranged from unskilled workers to skilled 
laborers, businessmen, and professionals. 
Materials and Procedure 

Three sets of 20 synthetic singular nouns of CVC and CV form were 
constructed, e.g., tib, nup, and coe. One-third of the Ss was tested with 


2 
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each set. All synthetic words constituted permissible sound sequences in \ 
English and were pronounceable by 5-year-olds according to Templin 
(1957). Each of the five allomorph categories described in the In!roduc- 
tion and listed in Table 1 had four representatives—two singular and 
two plural. For each of the three sets, the 20 words were randi mly ar- 
ranged to constitute one test list. A second list was constructed from the 
first by changing the plurals to singulars and the singulars to plurals. 

There were 20 pairs of cartoon-animal drawings designed to be carriers 
of the synthetic names. One member of each pair depicted a single animal ~ 
and the other more than one of the same animal. In the testing procedure, 
one of the pictures was first shown to S and a synthetic name was as- 
signed to it. Following this its counterpart was shown and 5 was re- 
quested to produce the name that would be appropriate for it. The stand- 
ard wording for the Singular-Plural sequence was: 


This is a TIB. [S repeated TIB.] 

Several others have come along to join him. 
[The picture with several figures was shown to S.] 
Now tell me what you see in the picture. 


The expected answer was TIBZ. For the Plural-Singular sequ-nce the 
questioning proceeded in a similar fashion: 


These animals are called TIBZ. [S repeated TIBZ.] 
Some of them have gone away. [The picture of a single figure was shown to 81 
Now tell me what you see in the picture. 


The correct answer was TIB. 

Before the experiment proper with the synthetic names began, each S 
was acquainted with the task by the use of five real names applied to. 
everyday life objects (e.g., tree, cakes). 

The Ss were tested under one of two conditions: Feedback or No- 
Feedback. In the Feedback condition, E said “good” when S replied cor- | 
rectly and "no" when he was wrong. In the latter case, E recorded an 
error, but urged S to try again. The E would eventually provide S with 
the correct answer. In the No-Feedback condition, E said nothing whether 
S had replied correctly or incorrectly and proceeded to the next item. 
Apart from the presence or absence of feedback, the two conditions were 
identical in all respects, including specific synthetic words, their order, 
ete. Testing under the two conditions was alternated between Ss. They 
were tested alphabetically with minor rearrangements to pair like sexes 
under the two conditions. Most of the erroneous responses consisted of 
S's repetition of the initial form given him by E. High reliability of re- 
cording of responses was established in previous experiments, and also 
specifically for the E in this experiment (first author). 


| 
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RESULTS AND DISCUSSION 


Table 1 pre- iis the mean number of errors for the two conditions 
grouped by al'ıııorph category and type of response (singular or plural) 
required. The и were subjected to an analysis of variance (three fac- 
tors with repe: measures on two, Winer, 1962, pp. 319-336). The over- 
all mean num!» of errors in the Feedback condition was significantly 
smaller than ıı ihe No-Feedback condition, F(1, 70) = 63.6, р < .005. 
It can be вес in Table 1 that the mean number of errors in the Plural- 
Singular sequence was much larger in the No-Feedback condition than 
in the Feedback condition, while that of the Singular-Plural sequence 
only slightly = «nd not for all allomorph categories. The Condition-by- 
Sequence inte lion is indeed highly significant, F(1, 70) = 40.5, p < 
005. 

The result- сапу indicate that the Feedback condition produced a 
substantial | ing effect, especially in the Plural-Singular sequence. To 
test how rapi his learning was, Ss’ performance on the first half of the 
list (10 item- was compared with their performance on the second half 
(10 items) in . ich condition for each of the two sequences. This analysis 

TABLE 1 


MEAN NUMBER or Errors UNDER THE FEEDBACK CONDITION AND 
тик No-FEEDBACK CONDITIONS BY ALLOMORPH CATEGORY 


No-Feedback 

uU — 

Allomorph category Plural-Singular Singular-Plural 
/s/ 1.22 .36 
/2/(&)—Consonant constrained 1.08 .39 
/2/(b)—Consonant free 1.28 .50 
/2/(c)—Vowel 1.25 :69 
fiz/ 1.50 1.36 
Overall mean 1.27 .66 

Feedback 

Allomorph category Plural-Singular Singular-Plural 
/8/ Em .36 
fa] (4)—Consonant constrained .36 -25 
fa] (b)—Consonant free .56 -42 
/2/(e)—Vowel `86 33 
Ж%/ Е" .97 
Overall mean aT AT 


Note—The maximum possible entry in each cell is 2. 
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shows that of the four cases the only significant improvement írom the E 
first half to the second half was in the Feedback condition in th: Plural- 
Singular sequence; mean number of errors for the first half = 1 12, mean 
second half = .94, #(36) = 2.66, р < .01. This finding corroborates the 
results reported in Table 1 which show the strongest effect of l'eedback 

in this sequence. 

It may be noted in passing that the Allomorph effect was also signifi- 
cant, F(4, 280) = 184, р < .005. As сап be seen in Table 1, the ; 
easiest allomorph categories were the two that are phonetically con- 
strained, /s/ and /z/(a), next in difficulty were the phonetically uncon- 
strained categories /z/(b) and /z/(c), and by far the hardest was the 
/iz/ category. This is generally in accord with previous findings (Anis- 
feld and Tucker, 1967; Berko, 1958). 

The focus of the present study is on the difference between the Feed- 
back and No-Feedback conditions and the interaction of this Condition 
effect with the Sequence effect. The difference in the effect of Feedback 
on the two sequences cannot be solely attributed to the fact thu’ the per- 
formance on the Singular-Plural sequence was on a high level even with- 
out, Feedback and it therefore did not leave much room for improvement, 
since, as can be seen in Table 1, the magnitude of the Feedback effect on 
the individual allomorph categories is not consistently related to ‘he level 
of difficulty in the No-Feedback condition. The difference in the effects | 
of Feedback on the two sequences appears to be attributable mainly to 
the difference in the nature of these two tasks. The Plural-Sincular se- 
quence calls for deletion of the plural marker whereas the Singular- 
Plural sequence calls for the suffixation of this marker. Casual obser- 
vation suggests that new nouns are usually introduced in their singular 
forms, leaving the speaker the task of constructing the plural forms on 
his own. The Singular-Plural sequence thus seems more highly practiced 
in everyday life, and whatever difficulty children still have with it cannot 
be readily eliminated in the laboratory. The Plural-Singular sequence, 
on the other hand, presents a more unusual task, according to the above 
observation, but one which seems inherently easier because the singular 
form is contained in the plural form. It is likely that for this reason, 20 
Feedback trials were sufficient to equate the Plural-Singular sequence 
with the Singular-Plural sequence. Taking into account the results of 
the Anisfeld and Tucker (1967) study where they gave Ss 36 trials, it 
seems that with more Feedback trials the Plural-Singular sequence can 
be rendered even easier than the Singular-Plural sequence. The Feedback 
procedure thus not only revealed a higher level of performance than the 
No-Feedback procedure but reflected different aspects of the child's 
knowledge of English pluralization. The No-Feedback procedure showed 
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what knowled:> the child can immediately demonstrate and the Feed- 
back procedur: what knowledge he can readily acquire. 
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The Child's Concept of Proportionality: 
А Re-examination? 


KATHERINE J. NELSON, TAMAR ZELNIKER, AND WENDELL E. JWrFREY 
University of California, Los Angeles 


A partial replication and extension of Bruner and Kenney's (1966) study 
of the concept of proportionality was run with 5- and 7-year-old children. 
Experimental Ss were given preliminary training to facilitate their under- 
standing of the task and their attention to the relevant cues. Training 
effectively altered the performance of both the 7- and 5-year-old E groups 
although only the older group was shown to possess the proportionality 
concept as measured by the criterion task. The results demonstrated the 
importance of avoiding verbal ambiguity in the investigation of nonverbal 
cognitive competence. 


As an example of the development of the child’s ability to handle 
abstract relationships, Bruner and Kenney (1966) investigated the under- 
standing of physical proportions by young children. They reported that 
children between the ages of 7 and 11 years pass through severa! stages 
of comprehension and do not have an adequate idea of the meaning of a 
proportional statement until 11 years or older. They proposed that this 
result was an indication of the young child’s inability to base a judgment 
on the interrelation of two or more stimulus dimensions. 

Ginsburg and Rapoport (1967), however, found that both 6- and 
11-year-old children were able to compare and to estimate proportions 
accurately in a nonverbal task. The discrepancy between the results of 
these two experiments is of interest for both methodological and the- 
oretical reasons. It might be argued that young children have an 
intuitive grasp of the meaning of proportionality which was tapped in 
the Ginsburg and Rapoport study, but that they are unable to verbalize 
it. Alternatively, it might be that the children in the Bruner and Kenney 
study possessed the concept but were unable to use it due to the par- 
ticular verbal presentation used. Their Ss were asked to tell whether 
one beaker was "fuller" than another of a different size or shape, con- 


*This work was supported in part by USPHS Grant MH-6639 to W. E. Jeffrey- 
We are grateful to Mr. H. Huizing, Principal of Washington School in Redondo 
Beach for making the children in this study available to 

^ Now at Yale University. 
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taining а similar or different proportion of water. This instruction may 
not place suilicient emphasis on the proportionality and therefore 
may encourage the younger child to make a judgment on the basis of more 
salient perceptual cues such as relative volume or height. If this were the 
case then a pretraining situation that emphasized the proportionality 
implications of the word “fuller” would facilitate performance on the 
Bruner and Kenney task, and thus give a more accurate estimate of the 
actual cognitive competence of young children in handling abstract 
relationships 


The training that was instituted required that the children first ap- 
propriately apply the labels “full,” “more than half-full,” “half-full,” 
and “less than half-full.” A short training session followed to assure that 


the Ss continued to use these concepts when making comparisons between 
two beakers. 
METHOD 

Subjects. Twenty-seven 7-year-old (Mean: 7 years, 9 months; Range: 
7 years 2 months to 8 years 1 month) and 18 5-year-old (Mean: 5 years 
8 months; Range: 5 years 6 months to 6 years 0 months) Redondo Beach 
elementary school children were divided into two experimental groups and 
one contro! group of 7-year-olds, and one experimental and one control 
group of 5-year-olds, with nine Ss per group. The groups were roughly 


balanced as to sex, Ss being assigned alternately to groups before being 
brought to the experimental room. There were 11 girls and 16 boys in the 
7-year-old group and nine of each sex in the 5-year-old group. 

Materials. A set of five tumblers, each of a different height, circumfer- 
enee and volume, duplicated in all important respects the materials used 
by Bruner and Kenney. Each tumbler was filled to a predetermined level 
with Vermiculite (a light sand-like substance). 

Procedure. Experimental Groups А (Ел): These groups (one at each 
age level) were given two sets of training tasks followed by the criterion 
task. First, a set of six problems requiring S to judge the fullness of a 
Single glass was presented twice to each child. The proportions 1/4, 1/2, 
3/4 and full were each given one or more times in either of two different 
sized tumblers presented alternately. Each S was instructed as follows: 

Tam going to show you some glasses filled with sand. I want you to tell 
me how full the glass is. Just tell me whether it is full, half-full, more 
than half-full or less than half-full.” The S was told whether he was 
Tight or wrong. Second, each S was presented with a set of six problems 
în which he had to compare two glasses filled to the same proportional 
level (three problems) or two different proportional levels (three 
Problems). This set was presented twice. The instructions were: “Now I 
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am going to show you two glasses each time and I want you io tell me 


how full each one is. How full is this one? (S responds). How {1:11 is this 
one? (S responds). Is one more full than the other or are they both just 
as full?" Again the S was told whether he was correct or incorrect, and if 


incorrect he was told why; e.g., “They are both half-full.” 

The criterion task included seven problems, similar to Bruner and 
Kenney’s Types I, II, and III. Bruner and Kenney’s Type IV problems | 
were not used because in their study these were correctly answered by _ 
almost 100% of the Ss. In each problem two different size glasses were 
used, and the comparisons were as follows: Two half-full glasses ( Type I, 
three problems); two full glasses (Type II, two problems) ; and one full 
and one half-full (Type III, two problems) ; shown in Figure 1. None 


type lll 


Fic. 1. The pairs of tumblers making up the criterion task as classified by Bruner 
and Kenney (1966, p. 177). 


of the comparisons used in training were duplicated in the Criterion 
Task. The question asked of S was: “Is one glass more full than the other 
or are they both just as full?" After answering, the S was asked to explain. | 
why. No feedback was given. Both the answers and explanations ven 
recorded. I: 
Experimental Group В (Es, 7-year-olds only): In order to be assured | 
that any effect achieved on the criterion task was not attributable simply - 
to the learning conditions provided in the second pretraining task, Group 
B was given pretraining task 2 without task 1 and Ss were told whether. 
their judgments were right or wrong, but no explanation was provided for 
incorrect answers. The Criterion Task followed this training. & 
Control Groups (C): These groups (one at each age level) receiv 
only the Criterion Task. To minimize practice or warm-up effects, they 
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were given tl lems twice but only the scores of the second presen- 
tation were us. Геге was no difference, however, between the first and 
second present: ous for either the answers or explanations at either age 
level. 
RESULTS 
Training. Tie mean number of errors on the task-2 training problems 
for the ехрегї ııtal groups by age are given in Table 1. Only the 7-year- 
old Experimei:| Group A differed significantly from chance performance, 
and this group also differed significantly from the performance of all 
other groups oi these problems. It should be noted that the mean number 
of training errors for this group was less than 1.5 on either task, sup- 
porting the a- проп that training for this group served to clarify the 
B's instructior- rather than to teach a new concept. Thus, for the 7-year- 
olds, trainin- ihat demonstrated examples of “full,” “half-full,” ete. 
brought Ss tactically errorless performance immediately. Such train- 
ing, however. «as not successful for the 5-year-old children. Inasmuch 
as the trainin in Group B failed to bring the 7-year-olds to an adequate 
performance | <el this group was not repeated at the 5-year-old level, as it 
was deemed likely that this limited training would be effective with 5- 
year-olds anı! ог 7-year-olds. 
TABLE 1 
^ NE MEAN NUMBER оғ TRAINING Errors ror Eacu S 
Training (1)* Training (2)* 
Age Group N No. problems = 12 No. problems = 12 

—— өбө 

5 Е, 9 5.9 5.3 

7 Еһ 9 .9 1.4 

7 Ев 9 6.7 


= л үү ЕЕ 
s Difference between 5- and 7-year groups: t = 5.95. p < .001. 7 
Difference between 5- and 7-year groups: { = 5.20, p < .001; difference between 


TE, and Es: | = 7.27, p <.001. 


Criterion task. Table 2 shows total mean number of answers and 
explanations that were correct for both age groups on the Criterion Task. 
^planations were considered correct if they referred to the relevant 
dimension of proportionality (e.g., they are both half-full; one is full but 
the other is only half-full), rather than to volume or height of sand.* All 
eXperimental groups differed significantly from their control groups in 


^ sg 
th Some of the explanations were accompanied by S's pointing to the level of 
ae Sand in the glass that had the larger volume of sand in it, but classification 
as made on the basis of verbal reports only. 
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TABLE 2 y 
MEAN NUMBER AND PERCENTAGE CORRECT ANSWERS AND EXPLANATIONS FOR \ 
EACH S on CRITERION Task (7 PROBLEMS) 


Group 
Ex Ев C 

Age group No. 96 No. 926 No. Ga 
Answers 2E 

5 4.3 61.4 1.8 25.0 

7 7.0 100 4.0 57.0 1.7 24.2 
Explanations 

5 2.5 35.7 1 1.4 

7 6.0 85.7 Yo 15.7 5 


explanations; BE, vs. 50 = p < .002 and р < .001; 7E, vs. 70 
.02 for answers and nonsignificant for explanations) and the ol 
groups did not differ from each other. The full-training 7-year-old group i 
(Ел), however, was the only group that could be said to have Шу “ate 
tained” the concept; the other experimental groups, althougl: they dif 
fered significantly from the control groups, performed at a чуе] near 
chance. 

Table 3 shows a comparison of results by type of problem. togethe 
with percentage results reported for the same types of problems b 
Bruner and Kenney for different age levels. The performance for thi 
control groups in this task were similar to those in the Bruner and Kenney 
experiment, while the performance of the E groups was considerab 


TABLE 3 
PERCENTAGE CORRECT ANSWERS FOR ALL Ss By PROBLEM Tyre 


Age and group Type I Type II Type III 


5E. 29.6 88.8 83.3 
5C 1 22.2 55.5 
TEX 100.0 100.0 100.0 
7Ев 51.8 50.0 77.7 
7C 14.8 1163, 55.5 
Bruner and Kenney data:* 
(Age group) 
5 12 46 46 
T 29 60 50 
9 26 44 40 


69 69 


а In some instances estimated from graphed data. 
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better. It is n orthy that Type I problems, which were the most dif- 
ficult for all ¢ ss in the Bruner and Kenney study, were also the most 
dificult for th: \ildren in the present study, but the level of performance 
on these prob! was much higher as the result of training. 
DISCUSSION 

This experi!) t demonstrates that here, as in so many other problems 
in cognitive \-velopment, verbal deficiencies or ambiguities in task 
presentation o!!«n mask the actual capacity of the child to perform in the 
required manııcr. When 7-year-old children in this experiment correctly 
understood which dimension in the situation was relevant to the E, they 
performed ai + level higher than that previously found for 11-year-olds 
on a similar к. Their performance on the training task supports the 
the conclusio that they had the capacity for comparing proportions 
prior to the erimental situation; training served only to make clear 
that “fullnes ıı the B's instructions referred to the proportional aspect 
of the test n ials rather than to other dimensions such as the relative 
volume or le: | of the sand in the glasses. Once the instructions were clear 
there was no .\ficulty in comparing two proportions and there was no 
interference ‘yom the perceptual cues that otherwise presumably con- 
trolled thei: ponses. 

Group 5E. and ТЕ performed at about chance level on the criterion 
task but it is interesting to note that the performance of 7C and 5C on 


the same task was 24 and 26% correct, respectively. These somewhat 
puzzling resulis may be clarified by analyzing the children’s responses 
according to problem type rather than across all problems. As can be seen 
in Table 3, ratio judgments of the control Ss were not random. Per- 
formance of those groups on Type I and Type II problems was between 
11 and 22% correct, and about 55% correct on Type III. 

As Bruner and Kenney (1966) noted, problems used in this experiment 
can be ranked according to the number of perceptual cues that mislead 
the Ss or support a correct judgment. These cues are the level of sand, 
the amount of sand (volume), and whether or not the sand reaches the 
top of the glass. Problem Types I and II both had two misleading cues, 
but Type II problems were easier than Type I because of the additional 

full to the top” cue which was congruent with the correct response. It is 
therefore reasonable to suggest that the judgment of ratio by the control 
Sroups was to a large extent determined by perceptual cues that were 
basically irrelevant to the concept of proportionality. An analysis of Ss’ 
explanations gave further support to this conclusion. In each control group 
all but one of the judgment errors were incorrectly justified in terms of 
the size of the glasses or the volume of the sand in them. 
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Five-year-olds with the same training given to the 7-year-olds per- 
formed significantly better than control groups but геша 4 at a 
relatively low level of performance especially on problems о! Type I. 
About 30% of their judgments were not followed by any explan:tion and 


for about 30% more incorrect explanation was given. Seven! percent 
of the errors made by 5E, Ss were on Type I problems, and the expla | 
nations for those were mainly in terms of misleading percep) ııal cues, 
Thus, the results demonstrate that the performance of the 5-yeur-olds was 
so strongly dominated by the irrelevant and misleading perceptual 
aspects of the situation that the brief training used here could not acti- 
vate the correct ratio concept; or, alternatively, that the correc! coneept 
was unavailable to them. However, since only about 50% of the responses 
made by the 5-year-olds in either training phase were correct, it is pos- 


sible that their performance on the criterion task might have been im- 
proved by more extensive training. К 

The subjects in Group 7H, performed at about 57% corr: on the 
criterion task, which was significantly better than the perform: ve of 76 
on the same task. However, the training they received was not 1. effective 
as the verbal training received by 7E, which resulted in near: perfect 
performance in all stages of the experiment. ) 

It сап be concluded that When investigating the developme:: of cog- _ 
nitive processes in children it is necessary to avoid semantic л! liguities 
and to be certain that instructions do not actually mislead 5s rather 
than clarify the task, If the aim is to discover the limits of <: capa- 
bility it is important to facilitate Ss' attention to the aspects of the” 
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Two Aiiompts to Condition Eyelid Responses in 
Human Infants 


‘Toru NAITO" AND Lewis P. Lipsrrr 
Brown University 


The condi nability of the eyeblink response using a photocell method 
with human nts was explored. In one study, an experimental and control 
group each 10 Ss were studied, the latter group being administered the CS 
and UCS r a backward conditioning procedure. The results showed a 
modest cor ning effect at mean age of 403 days to tonal stimulation. 
However, nfants did not produce many CRs, and the CRs did not 
gradually i ise. In a second experiment, differential eyelid conditioning 
to tonal st ition was studied in nine babies with mean age of 31 days. 
The result aled a differential conditioning effect, although this phenom- 
enon was ı unstable, The data indicate the feasibility of studying such 
conditioni ı young infants. Further studies employing similar techniques, 
and espe involving more trials over а longer age-span, appear 
warranted 

Eyelid coru iitionability of infants has been studied by Wenger (1936), 
Morgan ani Morgan (1944), Rendle-Short (1961), and Lintz, Fitzgerald, 
and Brackbill (1967 ). However, it is difficult to evaluate some of these 
studies because of lack of stimulus control, the limited number of Ss, 


and the considerable problem of observing and recording responses re- 
liably. Wenger obtained rather negative results from this particular 
response. Wickens and Wickens (1940) asserted that the Wenger study, 
although саго ully done, must be criticized because some groups md 
only two or three infants and one important control group consisted of 
but four Ss. From their own study, Morgan and Morgan concluded that 
the normal infant cannot learn this response before 54 days of age, = 
that all normal children over 65 days of age seem to learn it; in this Pu 
however, the responses were merely observed without instrumentation Tor 
recording. Rendle-Short, who used 155 apparently normal children be- 
tween 5 months of age and 7 years, concluded that children 6 months old 
and under cannot be conditioned. A positive conditioned eyelid effect was 
. This study was conducted while the first author, now at Kinjo Gakuin University 
m Japan, was a Research Associate in the Department of Psychology at ыр 
University, The research was supported in part by USPHS Grant E 
the second author. 
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obtained by Lintz et al., who used eight experimental and twelve control 
infants ranging from 33 to 133 days (median = 69 days) at th» start of 
the study. The literature suggests, then, that eyelid conditioning is 
typically unstable, if possible at all, in infants under 65 days of ize. Re- 
cent studies with babies (Lipsitt, 1966) have indicated that iı reasing 
evidence of conditioning in the very young infant is sometimes tained 
with apparatus and methodological refinements, For this reason, it was 
felt that further eyelid conditioning studies might clarify the question 
as to whether the very young can learn this response, and whellicr their 
conditioned responses (CR) approach stability. 

Techniques employed in eyelid conditioning are rather well developed 
since there have been numerous methodological studies with adulis. How- 
ever, in considering the use of eyelid conditioning apparatus with infants, 
further problems had to be resolved, including the comparability of the 
records with data collected from adults and the bothersome efi i of at- 
taching recording implements to the baby. DeLucia’s photoce!! method 
(1968), developed in the Brown University infant laboratories, loes not 


place undue restrictions upon the S's movements or require ihat elec- 
trodes, paper eyelashes, or any other objects be attached to the eyelid, It 
was one of the purposes of the present study to test the usefulını:« of this 
method with infants. 
METHOD 
The Ss were held in an E's arms facing two lamps of 300 w:its each 
placed horizontally 75 em apart, located about 2 m in front of and 1.7m 


above the S. The S was given a bottle or pacifier if crying or excessive 
movement occurred during the experiment. The equipment for recording 
eyeblink has been described completely by DeLucia (1968). The air-puff 
as the unconditioned stimulus (US) was delivered to the corner of the 
left eye through a polyethylene tube of 1-mm aperture; its pressure at 
the source was 5 lb, which reduced to approximately 1 Ib at the eye. 

A CR was recorded whenever the record showed a deflection of 2 mm 
or more in the interval 150-500 msec after onset of the conditioned stimu- 
lus (CS) during acquisition. A common practice in eyelid conditioning 
is to record graphic deflections of 1 mm or more from the baseline as 
CRs, but in babies the response criterion involving deflections of 2 mm 
or more effectively eliminates small changes of baseline caused by the 
baby’s facial movements. 

The Ss in the first of two studies were 90 infants, 50 of which could not 
be used either because of procedural difficulties or excessive crying and 
movement. An experimental group (Group E) and a control group 
(Group C) of 20 Ss each, ranging in age from 31 to 55 days of 
age (mean = 40 days), were studied. For both groups, the CS was a 400 
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eps tone at 75 `D, lasting 1 sec. For Group E, US was presented 500 msec 
after onset o: ihe CS for 50 msec. For Group С, the CS and US were 
paired in теу -c; US was presented 1500 msec before the onset of the 
CS (a backw»| conditioning procedure to determine whether stimulation 
by tone and «i ihe same time sensitization to the CS might have resulted 
in increased cveblinks). Each S was given a 40-trial training session fol- 
lowed immediately by 10 extinction trials. During 40 acquisition trials, 
two CS-alonc ‘ests during each ten trials were interspersed. Both groups 
received intertrial intervals of 5, 10, and 15 sec, averaging 10 sec, ar- 
ranged aecor!ing to a fixed schedule during acquisition trials; for test 
and extinction trials a fixed 10-see intertrial interval was used. 

In a secon! «tudy, this time of differential conditioning, nine Ss ranging 
in age fron: 29 to 34 days of age (mean = 31) were studied. The CSs 
were a 3000 os tone (75 db) and а 300-eps tone (64 db) lasting 550 
msec. The 1 ~ was presented 500 msec after onset of the positive CS for 
50 msec, wli © the negative CS was never reinforced. Intertrial intervals 
again avers 10 see and varied randomly in a prearranged and fixed 
schedule. Ai <s were given 160 trials with the positive CS and 160 with 
the negativ. CS over 4 successive days. Thus 80 trials were given each 
day. The р: ‘tive and negative CS presentations were random with the 
restrictions i lıat no more than three positive OSs nor more than two neg- 
ative OSs o: ur in succession. After the first 180 differential conditioning 
trials, the CS was reversed so that the previously positive CS was no 
longer reinforced and the previously negative CS was now regularly re- 
inforeed. (The reversal took place on the third day, after 20 conditioning 


trials.) Before reversal, the positive CS was the 3000-cps tone and the 
negative CS was the 300-ерѕ tone. 


RESULTS 


Curves of acquisition and extinction of the CR for the two groups of 
the first experiment are shown in Fig. 1 in terms of CR percentage in 
each block of ten trials. Throughout the 40 acquisition trials, Group E 
18 consistently above Group C. The former, however, shows no gradual 
increase, while the latter is flat. Statistical evaluation of the acquisition 
trials was made by analysis of variance, which revealed a significant 
Overall difference between the groups (Е = 5.05, df = 1/55, Р « 05). 
À significant difference for the last 10 acquisition trials (Block 4) was 
also obtained between the two groups (F = 422, df = 1/55, p € 09), 
Although this procedure admittedly capitalizes on chance. Tar 

Further analysis was made of the data in Group E by dividing into 
two subgroups of 10 Ss (age: 32-38 days) and 10 older Ss (age: 43-51 
. ‘The two tests in each block of ten trials produced no reliable effect and are not 
Included in the further analyses. 
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Fia. 1. Curves of acquisition and extinction of the CR for the two groups in terms 
of percentage of CR in each block of ten trials, 


days). During the last 10 trials (Block 4) of 40 conditioning (rials, the 
mean percentage of CRs (27%) by older Ss was relatively higher than 
that of the younger Ss (10%), but the difference was not reliable, The re- 
liable difference between Groups E and С could be due in prt to the 
relatively higher level of CRs by the older Ss in Group E. 

The extinction data showed the same tendency. A significan: \ifference 
was found between the group means (t = 2.47, df = 38, р < .02). The ap- 


parently lower extinction performance than that at the termin: acquisi- 
tion level was not reliable. Closer analysis of the extinction cıırves did 
not indicate any gradual decrease of response. Because the reponse la- 
teney may increase during extinction trials, а CR was recorded whenever 


the response occurred in the interval 150-1000 msec instead of the inter- 
val 150-500 msec; a gradual decrease during the first five extinction 
trials in Group E was apparent, but no reliable effect was obtained. 

The major finding of this classical eyelid conditioning experiment was 
that of higher response levels during acquisition and extinction trials for 
Group E as compared with Group C, suggesting that infants might learn 
eyelid CRs at the mean age of 40 days to tonal stimulation. However, the 
Group E curve during acquisition showed no gradual increase, and rela- 
tively few CRs occurred. It is possible that an insufficient number of 
trials was administered for producing a stable conditioning phenomenon, 
or that the infants were not in optimal states for conditioning, or that 
eyelid conditioning in this age infant is truly unstable.* 

* Another two groups of five Ss (which had been used for another experiment be- 
fore this study) were given 240 trials over 4 days, where daily sessions consisted of 
40 acquisition trials, 10 extinction trials, then 10 additional acquisition trials. The 
mean percentages of CRs per block of 10 trials throughout 50 conditioning trials per 
day (excluding extinction trials) were 136%, 112%, 124%, and 8% on days 14, 
respectively. Although the conditioning was conducted throughout 200 trials, per- 
centages of CRs did not increase. 
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The resuli~ of the differential conditioning experiments may be quite 
succinctly su!nmarized. The mean percentage of CRs (10.2%) for the 
positive CS |. ‘ore reversal was higher than that for the negative CS 
(7.4%). Thi: difference was not reliable. The mean percentage of CRs 
(10.2%) for ihe positive CS after reversal was higher than that for the 


negative CS 3%), again with no difference between the two. However, 
a significan! ıliflerence was found between the mean percentage of CRs 
to the positive CS and the negative CS throughout 160 trials each (¢ = 
2.55, df = 8. p < .05). The result suggests that a differential conditioning 


phenomenon may have occurred throughout the 160 trials, but differ- 
entiation periormanee stayed low and CRs did not gradually increase (or 
decrease). li is pertinent to note that the Ss in the differential condition- 
ing experiment were about 10 days younger than those in the simple 
classical cowiitioning experiment. No indications of differential eyelid 
conditionin« -cem to have been previously demonstrated with such young 
babies. 
General Cc. ments 

Although ihe conditioning results obtained in the present studies with 
young infants are modest indeed, an aim of the experiments was to ex- 
amine the feasibility of studying such processes in infants this young. 
There are curtain special problems in working with infants. One of these 
is the US intensity and the adaptation of the eyeblink to the air-puff. 
Ross (1966, p. 37) has called attention to the need for studies of adapta- 
tion to the US, both because “ . . . it is desirable to use а UCS of sufficient 
strength to produce a UCR throughout the conditioning session,” and be- 


cause the study of adaptation is of interest in its own right. Figure 2 
shows the eyeblink adaptation curves obtained with the infants in Group 
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Fic. 2. Frequency and amplitude of URs during training. 
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С of the first experiment. Throughout 40 trials, the difference hetween 


the first 10 trials and the last 10 was a 9% decrease in frequency and a 
3.0-mm decrease in amplitude. Neither decline was significant, i dicating 
that rapid adaptation seems not to occur to this particular stimulus. 
Further analysis was made of the eyeblink records of the 40 5: in both 
groups of the first experiment. Excellent readings of the eyeblink records 
could be obtained between 80 and 85% of the time. The state о! the in- 
fants during the conditioning procedures was probably not a delerrent to 


obtaining conditioning. 

While the present studies do not provide evidence of robust classical 
eyelid conditioning in these infants of around 40 days of age, (here is 
nevertheless the suggestion that some degree of such learning was mani- 


fested. Coupled with the data of Morgan and Morgan (1944) ind more 
recently that of Lintz et al. (1967) that eyelid conditioning ean occur in 
infants by 54 days of age, further parametric and more extensivo studies 
appear warranted. The Lintz et al. study shows that CR frequ: ney can, 
presumably under certain circumstances, be increased marked! in ex- 
perimental Ss; Ss in that study at the conclusion of training responded at 
a level of 90% frequency. The procedure was different from the present 
study, in that their training was continued to a criterion of 9 C1:« out of 
10 successive test trials and involved а stronger air puff. Also, ‘cst trial 
presentations of the CS alone were randomly interspersed among con- 
ditioning trials in a 1:3 ratio, quite possibly capitalizing upon а partial 
reinforcement effect, Tt should be carefully noted, too, that Ss in the Lintz 
et al. study ranged in age at the beginning of the experiment from 33 to 


133 days, a much wider age span than that of the present study (81—55 
days). Using procedures comparable with those of the present classical 
conditioning study in adults, Naito (in preparation) has obtained an end- 
of-training level, over a series of 40 trials, of 72% CR frequency in an 
experimental group, relative to a control group whose comparable per- 
centage CR was 28. 

Recording by the photocell method devised by DeLucia (1968) was 
deemed successful. The attachment of the device to the child’s face is ef- 
fected by a small piece of surgical tape. Application and removal of this 
attachment are quick and easy. No disturbances of the infants attrib- 
utable to this apparatus occurred during the studies. Recordings of var- 
ious types of responses from one subject are shown in Fig. 3, including 
(3A) spontaneous blinks, (3B) unconditioned responses on the first and 
second trials, (3C) a conditioned response on Trial 35 followed by the 
unconditioned response, and (3D) a conditioned response to a CS-alone 
presentation on the first extinction trial. While these records are specially 
selected for exemplary purposes, their occurrence supports the credibility 
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| Tic. 3. Exemplary responses of different types from one subject: (3A) Spontaneous 
blinks; (3B) UR on first and second conditioning trials; (3C) CR on trial 35; (3D) 
Оп first extinction trial. 
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of such conditioning in infants as young as 40 days of age ani proy 


encouragement for the further exploration of these proces-es 
procedures. 
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The Infant's Free Entry into a New Environment? 


|| \HRIET L, RHEINGOLD AND CAROL О. ECKERMAN? 
University of North Carolina 


The 10 101-014 infant's free entry into a new environment was investi- 
gated by ing the number and location of objects (toys) in it, as well as 
the time п they appeared. Each infant was placed with his mother in a 
small rc nd allowed access to a larger room (the new environment). In 
Exp. 1, ! ect of a toy in the larger room was compared with that of no 
toy on | int's leaving his mother and entering the room. All Ss entered 
the larg m whether it was empty or contained a toy. Those without a 
toy spen « time with the mother and incidental objects; in contrast, the 
other 5 ¿d with the toy. In Exp. 2, with the same Ss, the effect of one 
toy was pared with that of three toys on the behavior of infants who 
previous id a toy and those who previously had none. Those who were 
given to: (or the first time entered sooner, stayed in the larger room longer, 
and pla vith the toys more than Ss who had previously had a toy. Three 
toys inc oed the time Ss spent away from the mother, the distance they 
traveled. id the time they played with the toys in the larger room. The 
findings лу that the number and location of objects, as well as the time 
of their carance, controlled the infant's behavior in the new environment 
and call attention to stimuli that lead the infant from his mother. 


That infants at some age move away from their mothers to a wider 
environment has been documented for human infants (e.g, Ainsworth, 
1963) and for animal infants in the laboratory (e.g. Bolles and Woods, 
1964; Harlow, 1961; Jensen and Bobbitt, 1965) and in the field (ев, 
Jay, 1963; van Lawick-Goodall, 1967). The present study investigated 
some properties of the environment that would lead the 10-month-old 
human infant from his mother. Of interest also was the effect of these 
properties upon how quickly he left, how far he went, how long he stayed 
away, and what he manipulated. 

A simple situation composed of mother, 
4 few toys provided the laboratory setting. The i 
Placed in one of the rooms, and the properties 0 ; 
room were manipulated by varying the toys—the time of their ap 
and their number and location. 


infant, two empty rooms, and 
nfant and mother were 
{ the other and larger 
pearance 


" This investigation was su i by a Public Health Service Research 
pported in part by a 
Career Award (HD-23 620) and а Public Health Service Research Grant d 
* We thank Don W. Hayne for statistical advice, Richard A. Helwig for technica 
assistance, and David W. Jacobowitz and Cathy K. Suiter for their services as 
observers, 
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In a first experiment, the effect of а toy in the larger room ws com- 
pared with that of no toy on the infants leaving his mother and : ntering 
the room. The primary question was whether the infant would citer the 
room. In the second experiment, with the same Ss, the effect o! one toy 
was compared with that of three toys on the behavior of both inf: nts who 
previously had a toy and those who previously had none. It wa: . xpeeted 
that the toys would exert a more powerful effect upon the behavior of 
infants who previously had none. It was also expected that three toys 
Spaced across the room would induce the infants to go farther from their 
mothers than one toy and to stay away longer. 


The present study contrasts with a previous one (Rheingold, 1969) in 
which infants placed alone in the larger room of the present study cried 
and did not explore, even when the room contained toys. In the present 


study the infant would start from his mother’s side and could if lic wished 
enter the larger room by himself. His entry would be free raiher than 
forced. 

The behavior of interest lies within the category of explors'ory be- 
havior, both locomotor and investigatory. It also deserves attention as 
part of the process by which the infant detaches himself from hi- mother 
and her near environment. 


METHOD 


Subjects 


Subjects (N = 24) were chosen from the population of infants born 
at the University Memorial Hospital. Selection was on the bacis of age 
and ability to creep, as reported by the mothers. The mothers of those 
children closest to 10.0 months of age were asked to participate in the 
study; less than 10% refused. 

The age of the subjects (Ss) ranged from 9.6 to 10.5 months with an 
average age of 10.0 months. The sample was composed of 14 males and 
10 females, all full term; 20 were white, 1 oriental, and 3 Negro. The 
mean DIQ on the Bayley Infant Scale of Mental Development was 118, 
with a range from 93 to 140; the mean DMQ on the Bayley Infant Scale 
of Motor Development was 109, with a range from 88 to 129. The years of 
education ranged from 10 to 20 years (average, 17) for the fathers and 
from 8 to 20 years (average, 15) for the mothers. Thus, as a group, the 
Ss came from homes that were above average in level of education but 
not necessarily in income level, since the fathers of 14 Ss were students. 

The records of eight other Ss, tested in the course of the study, were 
not used; one S did not creep sufficiently well and seven Ss did not com- 


геу 
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Fig, 1. Fl lan of the experimental space. When present, pull-toy was in cell 
adjoining SR olumm 1, row 2), beads in middle of OF (column 2, row 4), and 
Donald Duck -ov in corner farthest from SR (column 3, row 6). 
plete Exp. 2 because of crying. (These Ss were evenly distributed among 
experiment! conditions.) 

Experimental Situation 

The experimental situation consisted of two adjoining rooms ЗА seen 

by the Ss or their mothers before the experiment (Fig. 1). PES 


room, labeled the open field (OF), was approximately 9 X 18 ft; the 
smaller one, labeled the start room (SR), was approximately 9 X 9 ft. 
The OF and SR were unfurnished rooms. Their walls, ceilings, and 
floors were off-white. The floor of the OF was marked off by narrow 
masking tape into a 6 X 3 matrix of 18 cells, each approximately 3-ft sq. 
Off-white draperies covered some walls, concealing windows. 
During the experiments the illumination of the OF was g 
that of the SR; incident light on the floor of the OF averaged 22 ft-can- 
dles, and on the floor of the SR averaged 4 ft-candles. ‘ 
Two one-way mirrors gave visual access to the rooms, and a c 
Phone transmitted Ss’ and the mothers’ vocalizations to а tape Tecorcer. 
For some experimental conditions the OF contained toys, either one or 
three. For the 1-toy condition, a pull-toy containing colored marbles ea 
Clear plastic ball was placed in the middle of the cell just outside ad 4 
For the 3-toy condition, the toys were the pull-toy in the same position; 


а chain of colored wooden beads, placed near the middle of the OF; and 


reater than 
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à plastie Donald Duck rolling toy, placed in the corner of th: OF far- г 
thest from the SR. 


Procedure | 
Each S and his mother came to the laboratory on 2 consecutive days 

at the time of day the mother judged S would be most alert. On the first 

day, the Bayley Seales of Mental and Motor Development were adminis- 

tered to aquaint S and the mother with the laboratory and the experi- 


menter (E). On the second, and test, day the session began with the 
repetition of a few items of the Mental Scale. 


The test consisted of two experiments, each 10 minutes in duration, To 
start the test, E led the mother with S in her arms through the OF into 
the SR; during their passage the OF was dark and the SR brightly 
illuminated. While the mother held 5 in the SR, E instructed hii that on 
a signal she was to sit on the cushion, with her left side to the doorway, 
and to place S on the floor facing herself; that subsequently she could 
look at and smile to S; that whenever he was near her she could talk to 
him softly but should limit her speech to short noncommittal v marks; 
that she could support S if he needed help as he stood up near | or; and 
that otherwise she was to allow S his freedom, doing nothing to hold him 
at her side nor to keep him away. 

When the mother had placed herself and 8 on the floor, the illumination: 


Was decreased in the SR. and inereased in the OF to the levels reported 
earlier, and the experiment began. E left the SR. and joined the observers 
(Os) in the observation room. E 
At the end of the 10-minute trial E instructed the mother over the _ 
intercom to close the door to the OF, keeping herself and S in the SR. Аз _ 
soon as the toy or toys were positioned in the OF, the mother was di- 
rected to open the door, and the second experiment started. Е 


Response Measures 


Locomotor activity. On a plan of the floor an O traced S's path through 
the SR and OF. In addition, this O and a second О independently pressed - 
coded keys activating an event recorder each time S crossed the threshold _ 
between the OF and SR—that is, when the center of his body crossed the 
threshold by any mode of locomotion—and each time S crossed a line in 
the OF or touched the lines bounding the perimeter of the room. From the 
tracing and record of the event recorder several measures were caleulated: 
lateney of entering OF, number of entries into OF, duration of entries, 
duration of time in OF, number of lines crossed, and number and location | 
of different cells entered. No record was made of locomotion in the SR. 

Contact and manipulation. The two Os independently pressed other 
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keys to record Le onset and duration of contact with mother (S was in 
physical contact with the mother or her clothing); of manipulation of 
other objects |^ held, grasped, patted, fingered such objects as his own 
clothing, the rapes or their hardware, the door hinges, the wall); of 
manipulation o! toys (S's hands were in physical contact with a toy, in- 
eluding the above kinds of manipulation). 

Vocal behuiior. From the tape recordings, two Os independently re- 
corded the пите of 10-second periods in which an 8 vocalized (uttered 
a nonprotest, nondistress sound) or fussed (a broken, whimpering sound), 
and the latency of fussing. The records of Ss who cried (loud, continuous 
wailing) were not used. 

The measuro- reported are the means of two Os, Interobserver reliabil- 
ities were suliantial; Pearson product-moment correlations ranged from 
97 to .99 (р 001). 

E dictated 4 running account of S's behavior to supply additional 
information 


Experimenta! Design 


Experimci! 1 tested the effect of a toy in the OF, compared with no 
toy, on the inlant’s behavior in leaving his mother. The 24 Ss were assigned 
to pairs in onler of time of appearance at the laboratory and then al- 
located by random permutations of two to Group 0 (no toy in OF) or 
Group 1 (опе toy in OF). By inspection, the groups were similar in the 
subject variables. Statistical testing was by the Wilcoxon matehed-pairs 


signed-ranks test, 

Experiment 2 was designed to make two independent tests, uoo ihe 
effect of previous experience with a toy or по toy in Exp. 1 and second, 
of the effect of number of toys in the OF (one toy vs. three toys). The Ss 
within each group in Exp. 1 were assigned by random permutations of 
two to either of two conditions, one toy in the OF or three oan ОК 
(Table 1). This procedure resulted in the formation of sets S et E. 
based on order of testing, with each of the four combinations of previous 
experience and number of toys (0-1, 1-1, 0-3, 1-3) ppp i 
а set, 

The effect of previous experience was tested by comparing the behavior 
9f those Ss with no toy in Exp. 1 (Groups 0-1 and 0-3) with. those who 
Previously had one toy (Groups 1-1 and 1-3). Statistical testing was by 
the Wileoxon test, comparing within the pairs of Ss in each set differing in 
i a experience but not in number of toys (0-1 and 1-1; and 0-3 and 

The effect of number of toys was tested by comparing Groups 0-1 and 
1-1 with Groups 0-3 and 1-3. Statistical tests again were made by the 
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TABLE 1 
DESIGN or EXPERIMENT 2 


Experience in Exp. 1 


Experimental Group 0 Group 1 
condition (No toy) (1 toy) Total 
1 Toy Group 0-1 (6 Ss) Group 1-1 (6 Ss) Groups 0-! and 1-1 
3 Toys Group 0-3 (6 Ss) Group 1-3 (6 Ss) Groups 0-3 and 1-3 
Total Groups 0-1 and 0-3 Groups 1-1 and 1-3 


Wilcoxon test, making comparisons within the pairs of Ss in each set 
differing in number of toys, but not in previous experience (0-1 and 0-3; 
and 1-1 and 1-3). 

To discover possible interactions between the effects of previous ex- 
perience and number of toys, the statistic (0-1) — (1-1) — [ (0-3) — (1-8)] 
was calculated for each set of four Ss and tested by the sign test. No 
significant interaction was found on any measure, thus permitting the 
above comparisons. 

АП reported p values are for two-tailed tests. 


RESULTS 


Experiment 1: Effect of a Toy in the Environment 


All Ss of Groups 0 and 1 left their mothers’ sides, crossed the threshold, 
and without fussing or crying, entered the OF; thus, Ss entered the OF 
whether the toy was present or not. Mean latency of entry into OF was 
shorter for Group 1 (see Table 2) but not reliably so. Inspection of the 
data showed that the scores for six Ss of Group 0 fell within Group 1’s 
range. 

Table 2 presents the other main findings. 

During the 10 minutes of the experiment, both groups spent about 
twice as much time in the SR as in the OF. Although it was expected 
that the toy would hold Group 1 in the OF longer, no reliable difference 
was obtained. Eleven of the 12 Ss, however, brought the toy into the SR 
early in the experiment, at a mean latency of 116 seconds. 

All Ss of both groups returned to the SR at least once and, further, 10 
Ss of each group then re-entered the OF at least one more time, As Table 
2 shows, one S in Group 0 entered 13 times and one S in Group 1, 11 
times! ; 

Group 0 spent more time in contact with the mother and manipulating 
other objects than Group 1. Group 1 in contrast was manipulating the toy- 


* 


^ ww Ec 
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TABLE 2 
Ек т or л Toy IN THE ENVIRONMENT: EXPERIMENT 1 
Mean Range 
Measure Group 0 Group 1 Group 0 Group 1 
Latency of entry 129 25 14-438 6-61 
Time in open field 167 197 10-369 37-369 
Number of entri: 4.9 3.8 1-13 1-11 
Lines crossed 27.1 14.8 2-87 2-44 
Different cells eni ered 6.3 4.3 1-17 1-12 
Contact with mother 192 87° 7-344 1-374 
Manipulation of objects: 100 42° 24-190 1-161 
In open field 35 19° 0-174 0-141 
In start roor 65 28° 11-180 1-84 
Latency of сот with toy — 31 ES 9-80 
Manipulation « у: — 317 — 59-561 
In open field = 105 — 17-282 
In start roor = 212 0-497 
* Difference bei ween groups significant at p < .05. 
Not only did all of them contact it, but as a group they played with it 
for more tha: half the trial—one S in fact for 561 of the 600 seconds. 
In summary, all Ss entered the larger room, whether or not it contained 
a toy. The ‘oy evoked prolonged play and reduced contact with the 
mother and other incidental objects. The toy had no reliable effect, how- 


ever, upon time spent in the larger room—perhaps because BRENNEN 
the toy into the SR. 


Experiment 2: Effect of Previous Experience 


As in Exp. 1, all Ss entered the OF. Group 0 entered almost immedi- 
ately; in contrast, Group 1 took 79 seconds (Table 3). 

Now, eight Ss of Group 0 brought a toy into the SR (at a mean latency 
of 255 seconds) and six Ss of Group 1 did the same (at a mean latency 
of 208 seconds). Despite the similarity in these responses, Group 0 spent 
more time in the OF than Group 1; in fact, their mean duration was 5 
minutes, with one S staying in the OF for 578 of the 600 seconds. 

Group 0 contacted a toy sooner and played with the toys longer than 
Group 1. Group 1, in contrast, manipulated other objects more than 
Group 0. 

In summary, Group 0, who now had toys 

Е sooner, stayed in it longer, touched a toy sooner, 
or toys longer and other objects less than Group 1. 


for the first time, entered the 
manipulated the toy 
The change did not 
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` 
TABLE 3 
Errect or PREVIOUS EXPERIENCE: EXPERIMENT 2 
Mean Range 

Measure Group 0 Group 1 xroup 0 Croup 1 
Latency of entry 8 79° 4-19 1-425 
"Time in open field 302 1789 118-578 12-454 
Number of entries 2.0 2.7 1-6 17 
Lines crossed J1.T 14.7 2-39 2-38 
Different cells entered 3.7 4.8 1-11 1-10 
Contact with mother 103 153 0-351 10-290. 
Manipulation of objects: 18 104 1-58 1-402 

In open field 2 13 0-17 0-57. 

In start room 16 91 0-58 0-402 
Latency of contact with toy 12 122« 6-29 7-450 
Manipulation of toys: 402 171° 7-572 18-451 

In open field 254 96° 7-554 5-391 

In start room 148 75 0-440 0-402, — 


“ Difference between groups significant at p < .05. 


reliably affect the duration of time spent with mother or the amount and _ 
range of locomotor activity. 


It will be noted from Tables 2 and 3 that on several measures Group 0 
responded similarly in Exp. 2 to Group 1 in Exp. 1, while Group 1 re- 8 
sponded similarly in Exp. 2 to Group 0 in Exp. 1. But since the experi- 
mental conditions differed between the two experiments, an analysis ОЁ 


their interaction is not justified. 


Experiment 2: Effect of Number of Toys 


The Ss for whom the OF contained three toys (Groups 0-3 and 1-8) 


| 
spent more time in the OF, crossed more lines, entered more different - | 
j | 


one toy made contact with it. Of the 12 Ss having three toys, 10 contacted 
the pull-toy, 10 the beads, and 8 the Donald Duck toy. Seven Ss of each 
group brought a toy into the SR, but for those with one toy the mean. 
latency was 164 seconds and for those with three toys it was 306 seconds. 

In summary, three toys spaced across the OF increased the time $8. 
spent in the OF, the distance they traveled, and the time they played 
with the toys. ў 


Related Findings 


Entries and returns. In both experiments, all Ss returned to the SR after ү 
a period of time in the OF, and subsequently many Ss re-entered the OF 
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TABLE 4 
| кЕЕСТ OF NUMBER OF Toys: EXPERIMENT 2 
Mean Range 
Measur 1 Toy 3 Toys 1 Toy 3 Toys 

Latency of entr 40 47 4-344 1-425 
Time in open fie! 184 296° 12-463 149-578 
Number of entriv 2.5 2.2 1-7 1-5 
Lines crossed 7.9 17.8* 2-26 2-39 
Different cells entered 1.9 6.6* 1-8 1-11 
Contact with mother 160 96 4-351 0-269 
Manipulation o! objects: 68 53 1-402 1-250 

In open field 12 3 0-57 0-23 

In start roon 56 50 0-402 0-227 
Latency of co: with toy 76 58 8-347 6-450 
Manipulation ух 246 327 7-560 42-572 

In open fiel. 118 232° 7-409 42-554 

In start roo: 128 95 0-440 0-295 

“Difference |1 ween groups significant at p < .05. 
several time- Neither the presence of a toy in Exp. 1 (Table 2), nor the 
addition of tuys in Exp. 2 (Table 3), nor the number of toys (Table 4) 
produced а reliable difference between the groups in the number of entries 
into the OF 

Not all returns to the SR resulted in contact with the mother. In Exp. 


1, of a total of 57 returns for Group 0, only 36 (68%) were ше 
contact; of 42 returns for Group 1, 26 (62%) were followed by contact, 
Thus, on at least a third of the returns, Ss entered the SR without making 
physical contact with the mother. And, in Exp. 2, of 22 returns by Group 
0, only 77% were followed by contact; of 31 returns by Group 1, 71% 
were followed by contact. 

Maintaining visual contact with mother. Infants sometimes entered 
the seven cells in the OF from which it was judged that they could see no 
part of their mothers. In Exp. 1, five Ss of Group 0 and four Ss of Group 1 
entered these cells; in Exp. 2, four Ss of Group 0 and six Ss of Group 1 
did. Of those who had one toy in Exp. 2, only опе $ entered such а cell; 
of those who had three toys, nine Ss entered such cells. These data show 
that some Ss traveled to cells from which they could not see the mother 
Whether or not the OF contained a toy. Furthermore, the presence of а 
toy in the more distant cells appeared to enhance the likelihood that they 
Would break visual contact with the mother. 

Many Ss looked back at their mothers as they entered the OF andithen 
Vocalized to her, according to E’s dictation. Especially prominent was 


Such behavior in some infants when they had a toy in the environment; 
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as they grasped the toy they looked at the mother, smiled, and vocalized, 1 
as though sharing a pleasant experience. | 


Vocal behavior of infants. No S of either group fussed at the time of 
entry into the OF. Subsequently, six Ss of Group 0 fussed late in Exp. 1 
for a short period of time: mean latency was 559 seconds; moun number 
of 10-second periods was 5 (of the 60 in a trial). In contrast, only two 88 
of Group 1 fussed; mean latency was 597 seconds; mean number of. 
periods was 2. No fussing occurred while the Ss of either group vere in the 


OF. E 
In Exp. 2, three Ss of Group 0 fussed; mean latency was 497 seconds; 
mean number of periods was 5. In the same experiment, five Ss of Group | 
1 fussed; mean latency was 339 seconds; mean number of periods was 6. 
In this experiment there was only one S who fussed in the OF, a member: 1 
of Group 1 who had the same single toy again in Exp. 2 (but she was also 

trying to walk, and fell). 
If fussing is considered a sign of mild distress, the situation evok 


little distress indeed. What distress there was, occurred late in the 
periment, did not last long, and occurred in the OF only once out of 24 
possibilities. If Ss fussed, then, they fussed in the vicinity of the: mothers. 
Nondistress vocalizations, in contrast to fussing, were much more com- | 
mon. Each S in each group gave such vocalizations during Ex). 1; 
number of 10-second periods in which they occurred was 26 (range, 
47) for Group 0 and 26 (range, 12-50) for Group 1. All Ss «lso g 
some vocalizations in Exp. 2. Mean number of periods was 20 гог Group 


0 (range, 6-36) and 27 for Group 1 (range, 8-42). 

One further analysis remains: a comparison of Exp. 2 data by numbe 
of toys in the OF. Of the 12 Ss who had one toy, seven Ss fussed; of 
12 who had three toys, only опе S fussed. Nondistress vocalizations wi 
also more frequent among Ss with one toy (28) than those with th 
(19). Toys appeared to suppress fussing as well as vocalizations, a finding 


was short (mean = 5.9 seconds, range = 0-21) relative to the trial d 
ration of 600 seconds. The average number of separate utterances duri 
an experiment was 7, with a range from 0-21. Representative of 
mothers’ speech were such remarks as: “What’s the matter,” “How 
you doing?” and “Careful!” The analysis showed that mothers follow 
B's directions and that their speech was supportive rather than stimu- 
lating. 
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Effect of 5 r. Sex was not a variable in the selection of Ss nor in 


assignment to | xperimental groups. Of the 14 males in the sample, seven 
were assigned! ^v chance to Group 0 and 7 to Group 1; of the 10 females, 
again by chav, five fell into each group. No reliable differences by sex 
were found in «ny of the measures in either experiment. Rather, on some 
measures the results were surprisingly similar. For example, in Exp. 1 
latency to onler OF was 76.2 seconds for males and 77.5 seconds for 
females; malo- crossed 20.7 lines and females 21.3 lines; males contacted 
their mother- on 66% of their returns to the SR and females, on 64%. 
DISCUSSION 

Ten-mont!:-old infants left their mothers and with no distress entered 
a new envi nent whether it was empty or contained a toy. If the 
environmen! -ontained a toy, infants played with the toy and spent less 
time in соп with their mothers. When toys were added to the environ- 
ment, in t^. second experiment, infants who previously had no toys 
entered fast, stayed there longer, and played with the toys more than 
infants who previously had a toy. Furthermore, if in Exp. 2 the room 
contained throe toys rather than one toy, the infants traveled farther 
from their : others and stayed away longer, playing with the toys in the 
new enviroricnt. In summary, the results showed that the infants entered 
à new environment by themselves when permitted to do so and when 
they could leave and return to a familiar social object. Although all the 
infants entered the new environment, their behavior was controlled by 


the number and location of stimulating objects, as well as by whether the 
objects were part of the new environment from the beginning or were 
added later. 

That infants leave their mothers and with no distress go from one room 
to another is a matter of everyday observation. But that infants crept 
into the experimental environment of this study and moved freely about 
with no distress contrasts sharply with the marked distress and almost 
complete inhibition of locomotion shown by infants placed alone in that 
Same environment (Rheingold, 1969). Although the comparison was not 
made within the same experiment, the methods, observers, source of Ss, 
and experimental environment were closely similar, and the behaviors 
compared were so consistent within studies that a gross comparison was 
considered valid. In that study, the results were attributed to the strange- 
hess of the room. The present results suggest that it was not solely the 
Physical properties of the room but the additional conditions of being 
Placed and left alone that provoked the distress and inhibition. In the 
Present study, instead of being placed in the new environment, the infants 
could enter by themselves; instead of being left alone, they were placed 
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The Organization of Free Recall by Young Children 


KATHERINE J. NELSON? 
University of California, Los Angeles 


Subjective and categorical organization of verbal recall by 5- and 5-year- 


old children was investigated. Fifteen-word lists composed of adult. category 
items, S's own category items, or non-category items were presented for six 
recall trials following recall on a training list of category labels or non- 
category words, Improvement over six trials was found for older 5 on all 
lists; the younger groups improved only on the non-category 11-:. There 
was a parallel increase over trials in measures of organization, both vstegory 
and subjective. Organization was about the same for both age groups, and 
type of training had no effect, Changes in recall over trials and wih age 
were attributed to changing strategies of organization rather thi; to a 
change in the basic propensity or ability to organize, or to the lear) ing of 
common modes of organization. *. 
It is frequently assumed that children improve with age in th ir ability 
to organize stimulus input; the nature of the improvement, how ver, has 


not yet been clearly specified. One possible view is that younger children 
are passive receivers of information and that, with age, they learn to 
organize information actively and efficiently. A view more consistent 
with current developmental theory and empiricial evidence from cognitive 
and linguistic studies is that the young child actively organizes the 
environmental input, but that with increasing age he acquires more 
efficient strategies for doing so. A third possible view is that the apparent 
improvement of the young child is largely a function of his acquisition 
of common ways of categorizing information, supplanting more idiosyn- 
cratic ones. 

The present study investigated these possibilities by examining chil- 
dren’s organization of verbal material in free recall. Recent studies of free 
recall learning with adults have examined the use of conceptual or associ- 
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ative principles etrieving related or unrelated words (e.g., Bousfield, 
1953; Cofer, 19 Cohen, 1963; Tulving, 1962). Related words have been · 
found to clus recall protocols according to conceptual categories; 
unrelated word: -ve also clustered in recall, but the basis for the cluster- 
ing may be ev ‚ only to the subject himself. The latter type of clus- 
tering has Беси (or med subjective organization (SO) by Tulving (1962). 
Both types of clustering are assumed to reflect S's reorganization of the 
input in order |) remember it more effectively; improvement in recall is, 
in fact, found lu co-vary with organization. 

Studies wit! children have differed in the extent to which evidence for 
organization o! vecall has been found, thus making it difficult to isolate 
factors which ight lead to improvement in such organization. Rossi 
(1963, 1964; 11-1 and Rossi, 1965) found some conceptual organization 
in children as voung as two years. Bousfield, Esterson, and Whitmarsh 
(1958) report: | an increase in category organization with increasing age 
in school chi ‚ and a recent study by Vaughan (1968) found a linear 
increase in í ory elustering by Ss in grades one to seven. Laurence 
(1966, 1967) \owever, has presented negative evidence suggesting a 
deficiency in oth conceptual and subjective organization in young 
children, 

The pres), study represents an attempt to determine the extent to 
which young children vary in the type of organization that they impose 
on the stim) input according to type of input, and the extent to which 
such organiz:;:ion could be influenced by training which emphasized 
categories to be used in the subsequent stimulus lists. To this end, both 
conceptual and subjective organization were studied within the same 


lists as well as between groups and at two different age levels. A list of 


the child’s own category items and a list of adult category items were 
compared with a list of conceptually unrelated words. It was reasoned 
that if children improve in overall active organizing ability over the age 
Tange studied, the younger children should be poorer than the older on 
all lists and on both organization and recall measures. If children improve 
in strategy only, older children should show greater improvement on the 
conceptual lists than on the unrelated list. If their apparent increasing 
ability were only that of utilizing common organizational frameworks, 
then the younger children should organize the «еа? own" list as well 
4s the older children, although they would show poorer organization 
Scores on the adult category list. A basic assumption was that an age 
difference in basic memory span capacity would lead to greater total 
recall scores for older Ss on all lists, regardless of organizing ability. — 
In addition to the age and recall-list factors, two types of training 
conditions were used. The Ss were pretrained on either а list of category 
labels or a list of unrelated control words. The category words were 
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labels or code words for the categories used in the subsequent \\ call lists 
for each S and were thus expected to prime the use of categoric:l organi- 
zation if (a) code words or category labels are important to !!:e use of 
hierarchical or category organization, and (b) the child could us, category 
organization but did not have readily available a code word глраЫе of 
mediating such organization. The effects of such training would have 
implications for both a coding theory of memory organizalion (e.g., 
Cohen, 1966) and for a mediation deficit hypothesis (e.g., Кече, 1962). 


METHOD 


Design. The experimental design was a 2 X 2 X 3 factorial with 10 Ss 
per cell and with repeated measures over six recall trials. The three 
independent variables were Age (5 and 8 years), Training Condition 
(categorical labels and unrelated words), and Recall Condition (own 
category, adult category and non-category lists). 

Subjects. Sixty Ss at each age level from the UCLA Element чту School 
were assigned randomly to one of the six treatment conditions. The mean 
age of the younger group was 5 years, 1.4 months, with a ranse from 4 
years, 6 months to 5 years, 7 months; while the mean age o! the older 
group was 8 years, with a range from 7 years, 4 months to * years, 9 
months. 


Stimulus lists. All Ss participated in a preliminary session during whieh — 
their category item responses to ten standard category labels | ‘urnitur 
clothes, tools, insects, jobs, animals, flowers, vegetables, fruit. colors 
were obtained. These categories were selected from those of Coh 


Bousfield, and Whitmarsh (1957) on the basis of their familiarity Û 
young children and their one-word labels. E interviewed each S individ- 
ually, asking him to give as many words as he could think of that 
belonged with each word said by E. The E then read the one-word _ 
category labels in order, giving S as much time as he wanted (о respond 
after each stimulus word, and encouraging and prompting as seemed 
necessary or desirable. АП responses were recorded in the order given. 
(See Nelson, 1968 for summaries of category response data.) р 
From these responses, a list of category labels for the five categories to 
which S had given the most item responses was selected for each S, thus 
representing his five strongest or largest categories in the set. These five 
category labels served as the training list for Ss in the Category training 
condition. The Ss in the Non-category training condition were given a 
standard list constructed by matching each of the possible category 
labels for Thorndike-Lorge frequency (1944, J-count), first letter а! : 
number of syllables, and selecting five of these ten at random. Each Ви 
was arranged in five different orders such that each word appeared ша 1 
each serial position only once. і 
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The 15-wor! call lists were constructed as follows: 

Own-Catego:, (OC). From the five categories to which S gave the 
most responses, his first three item responses for each category were 
selected for S`- recall list. Thus the lists for this group were assumed to 
represent each child’s strongest responses to his strongest categories. 

Adult Catesory (AC). For each of the five categories for which S gave 
the most responses, the three most frequent adult responses from the 
Bousfield nori:= (provided that these were not also among the first three 
responses by ^ in this category) were selected for each S in this group. 

Non-Catevory (NC). The three most frequent adult responses from the 
Bousfield nor- for each of the ten categories was matched where possible 
for Thorndik, Lorge frequency (1944, J-Count), first letter and number 
of syllables | a 15-word NC list was then drawn randomly from this 
pool, with th: »estrietion that no two words belong to the same conceptual 
category at! ihat none belong to one of the ten categories used for 
training. TI sulting list was: саг, nut, block, ring, road, sink, bank, 
boy, lantern. - поо], dance, cake, target, cactus, pet. 

Each list vas arranged in six different orders such that no word fol- 
lowed any 0: ^e: word more than once, and, for the category lists, no word 
from a given category followed another word from the same category. 

Procedur Each child was tested individually in a room at the school 
set aside for that purpose. 

Immediate memory test. One to five days prior to the recall session, S 
gave his category responses, and at this time was also given an immedi- 


ate memory test for monosyllabic high-frequency words taken from the 
Thorndike-Lorge list of 500 most common words, in an attempt to obtain 
a baseline memory span independent of the experimental manipulations. 
The test was similar to the forward digit-span of the WISC (1949), 
ranging from two to seven words. The S's score on this test was the 
highest number of words repeated correctly in serial order on either the 
first or second of two possible sets of a given number of words. Е 

Training. Not more than 5 days after the first session, S took part in 
the training and recall session, lasting from 15 to 20 minutes. Training 
Served the dual purpose of providing a warm-up and introduction to the 
Subsequent recall procedure, and of manipulating the category label 
condition. Training trials proceeded as follows: E read the training list 
at the rate of one word per second and S was instructed to recall the 
Words in any order that he could remember them. A different list 
order was used on each of the first five trials and these were repeated 
on the second block of five trials if necessary. Training was continued 
to a criterion of three consecutive correct recalls or for ten trials, 


Whichever occurred first. i 
Recall. The free recall phase followed training immediately. The S was 
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given the same instructions as for training and was told that now the list 
would be longer. The list was presented to S in a different order on each 
trial. The E read the list at the rate of one word per second and 5% recall 
followed immediately. No time limit for recall was impose). The E. 
recorded responses in writing and by tape recorder; unclear responses 
were checked against the tape at the end of the session, 


RESULTS 


Training. Fight-year-olds performed significantly better than five- 
year-olds in training, in terms of the mean number of words correct on 
the last three trials (5.00 vs. 4.02), mean number of trials (4.7 vs. 8.9) 


and number of Ss who met criterion (60 vs. 16). There were ni training 
score differences between any of the experimental groups within age 
levels, however. Since, as noted below, training condition had no cffeet on 
recall performance at either age level, the age differences in success on 


Free recall scores. Recall Scores were grouped into blocks of | wo trials 
to reduce the large trial-to-trial variance of the younger Ss. \ mixed 
model analysis of variance with repeated measures over three tıi:.1 blocks 
and age, training list and recall list as fixed factors, revealed +: nificant 
main effects of age (Р, лов = 62.51, P < 01) and trial bloc (Ёз эв 
= 57.75, p < 01). Mean scores for each condition are shown i: T'able 1. 

There was a significant; interaction of Age X Trial Block: зів 2 
19.52, р < .01) refleeting the fact that eight-year-olds improved more 
over trials than did five-year-olds. The interaction of Recall Lis! x Trial 
Blocks was reliable at the 05 level (Р, 1 = 2.17), reflecting the gener- 
ally greater improvement in recall over trials of the NC lists. This effect 
was particularly pronounced for the younger Ss, for whom the only 
significant improvement over trials came on the NC list (p « .01). There 


TABLE 1 
MEAN NUMBER or WORDS CORRECTLY RECALLED AS A FUNCTION OF 
AGE, CONDITION, AND Two-TRIAL Brock 


Trial block 
Recall 
Age condition No. 1 2 3 
B 
5 Years OC 20 4.37 4.70 5.08 
AC 20 5.15 5.00 5.08 
NC 20 4.65 6.00 6.35 
3 Years OC 20 6.62 8.60 9.80 
AC 20 6.65 8.30 9.00 
NC 20 5.50 7.80 8.65 


| 
Y 
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were no main efe- of recall and training lists. The order of performance 
level on the rec: « for the older group was in the predicted direction 
(OC > AC > № ut the younger groups showed an opposite trend. 
Thus, total recs not significantly affected by list composition or by 
category primin ıı increase in recall over trials was affected by the 


type of recall li: 
tion, Organization of the AC and OC lists according 


Category ory: 
to the concepti! categories in the list was measured by the ratio of 
repetition (RI hich is the ratio of number of category clusters to 
number of word- called (Bousfield, 1953). Analysis of variance revealed 
no significant differences or recall or training list effects with this 
measure. On t hird trial-block, however, a significant (р < .05) age 
difference in Ii as found, consistent with the inereasing age difference 
in recall score ater trials. 

Sequential ı zation. A simple measure of consistency in recall order 
across trials devised to serve a function similar to Bousfield’s ITR 
(Bousfield an |‘ousfield, 1966) and Tulving's SO (Tulving, 1962) mea- 
sures, since t! ineasures were deemed inappropriate to these data. The 
80 statistic dı пос handle intrusions and repetitions in the recall proto- 
cols, which oc irequently at this age level and with oral recall. The ITR 
measure has 1 been designed to handle blocks of trials larger than two, 
and young Ss -low considerable trial-to-trial variability in both number 
of words an! specific words recalled on adjacent trials. The EITR 
statistic also varies with length of recall list (Bousfield and Abramezyk, 
1966), а disarlvantage in making comparisons across ages. Thus a mea- 
sure that would assess repetitions of word order across all trials and also 
ы) E account repetitions of words and word pairs within а trial was 
needed, 


The measure used here, the Repeated Pairs Index (RPI), was com- 
puted as a ratio of the number of times a given pair of words NER 
Tepeated over a given number of trials relative to the number of possible 
times such a pair could be repeated, which was taken to be the number 
of times that the first word of the pair was repeated. This is computed 
from a 15 X 15 matrix similar to Bousfield's (Bousfield, Puff and Cowan, 
1964) in which all possible first words (As) in any Pal Доп, опе ав 
and all possible second words (Ву) form the other. The formula for 


computing RPI then is: 


Ras 
RPI = зА) 


where Ran = zz а,в) — 1] о Ооа 


9ne entry, 
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The RPI was computed for each S for all'six trials and for the first 
and second half of the total trials as an estimate of the incre:«o in this 


type of organization over trials. Repetitions of words were included and 
intrusions were ignored. Mean RPI scores are given in Table ? 

An analysis of variance on overall RPI arcsin transforme! scores, 
with Age, Training List, and Recall List as factors, revealed no signifi- 


cant main effects. The predicted effect that older Ss would organize the 
category but not the non-cate, 


ence was observed (Fy 103 = 7.04, р < 01), which may be attributed to 


the greater variability of five-year-olds on the items recalled оп adjacent 
trials that was noted above. The only list on which the five-vear-olds 
improved significantly in RPI scores from the first half to the second 


half of the trials was the NC list, whereas the eight-year-old- showed 
improvement on the category lists but not on the NC list. 

es recalled. One indication of increased 
organization is the size of categories or groups recalled (Mandler, 1967). 
An analysis of the number and size of the categories recalled from the ; 
OC and AC lists at each age showed that the eight-year-olds con istently 
recalled more categories on all trials, but that, whereas the five-vvar-olds 
recalled as many items per category as the older Ss on trial block one, 
the older Ss recalled significantly more items per category on the last 
trial block (p < 001, one-tailed t test). Thus older Ss were expanding 
the size of their categories over trials, while younger Ss were noi. 


TABLE 2 
MEAN REPEATED Pairs INDEX as a FUNCTION OF 
AGE AND RECALL CONDITION 


(Trials) 
Recall All 
Age condition No. 1-3 24 trials 
5 Years OC 20 .16 .14 .19 
AC 20 .08 .09 .18 
NC 20 .12 .24 .24 
8 Years OC 20 .20 23 .26 i 
AC 20 a AT .20 1 


NC 20 -18 SIT: .23 
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TABLE 3 
CHUNKING Ratios 


Mean 
Mean 1st trial Mean 
immediate recall highest. Chunking ratio 


Reel memory score recall 
condition No. (IM) score (1st T) score (HS) lst T/IM HS/IM 

C 40 3.95 4.32 7.00 1.14 1.89 

Ne 20 3.70 3.90 7.90 1.1 2.23 

C 40 4.58 5.57 10.60 1.27 2.38 

N( 20 4.95 4.65 9.65 97 1,99 
ar — 
| an attest to measure a similar effect in the NC list and to com- 
the NC and eategory (C) lists in this respect, Chunking Ratios 
devise. -»-called in reference to the chunking or unitization theories 
iller (1:56) and Mandler (1967, 1968). Mandler has made explicit 
elation |. tween size of word group (or chunk) formed in categoriz- 
and ren: 1bering verbal materials and increase in hierarchial cogni- 
organizing processes. The Chunking Ratio (CR) used here was 
ed ili rcfore to measure the increase in size of word groups over 
s using cach child's Immediate Memory score (IM) as a baseline 
dieating number of single items or chunks that can be held in im- 
ediate memory at one time. These ratios thus reflect the degree to 


h words are added (or chunked) above the basic memory span 
ipaeity for any S on a particular trial. The CRs used here are the ratio 
tween IM score and first trial score and between IM and the highest 
call score obtained by S on any trial. Table 3 gives data on these ratios. 
It should be noted first that on Trial 1 the ratios are very close to 
00 for all groups, indicating that little improvement over basic memory 
an took place on the first trial in spite of the additional time available 

rehearsing with the longer list. (See Cooper & Pantle, 1967 on the 
tal-time effect on recall increase with adult Ss.) Tt can be further seen 
in Table 3 that, although older Ss increased their CRs on C lists more 


an younger Ss, (Ё = 2.42, р < 01), younger Ss had equal—or higher— 
f increase in memory 


ere at least equal to 


the S's highest recall score and IM score at н 
“81 for five- and eight-year-olds, respectively). This fin 
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inferenee from the Chunking Ratios that the relation between the child'g 
organizing ability or strategy and his recall is independent of immediate 
memory capacity. 


DISCUSSION 


The most important findings of this research are the differential rates 
of change over trials of recall by Ss at different ages, with different 
materials, and the consistent relation of organization to increase in recall, 
It was shown that 8-year-old Ss both increased the number oí items 
recalled over six trials and also inereased their organization (category 
and non-category) as shown by organization measures, size of categories 
and Chunking Ratios. Five-year-olds, however, tended to remain near 
the level of their first trial performance, at least on the category lists. 
The fact that the pattern of their performance on the NC list was 
similar to that for the older group on all lists indicates that therc was no 
age effect on rate of recall improvement or organization per se, but that 
with the materials used in this experiment the younger Ss did no: employ 
an effective organizing strategy on the C lists. Thus, two i.-tors, а 
change in immediate memory capacity and the employment o appro- 
priate organizing strategies, the first an age-dependent varii le, the 
second an age-related but not age-dependent variable, ean account for 
these data. No change in basic organizing ability per se weed be 
postulated. 

The fact that the eight-year-old Ss improved over trials while 5-year- 
old Ss generally did not may be important in understanding the course 
of cognitive growth. Although this difference can be attributed to changes 
in organization strategies which enable the older child to amplify his 
memory span to a greater degree, some of the results may be a function 
of non-cognitive factors such as motivation or boredom. Whatever the 


explanation, studies which measure only one-trial performances at this. 


age level will tend to underestimate real differences which may show up 
only over trials. 

The lack of effect of the category label training on any of the depen- 
dent variables offers no support for either a mediated association theory 


of category clustering at this age level. However, further exploration of 
the code label variable using cued recall experiments might reveal 
significant effects, such as have been found with adults (Tulving & 
Pearlstone, 1966; Earhard, 1967). 

In this study, IM may be considered an estimate of the child's basic 
memory capacity, and his orgavization Score may be considered to 
measure his ability to expand that capacity. Both the increase in recall 
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and the organiz: ; measures reflect the fact that older Ss were better 
able to expand іску over trials. However, when IM is taken into 
account, as in tle Chunking Ratios, the difference in the two age groups 


is confined to 11. category lists only. These data thus confirm the pre- 
vious suggestio a difference between category organization and sub- 
jective organiz:stion as developmental factors (Laurence, 1966; Vaughan, 
1968). They sist, however, that the kind of organization measured by 
sequential organization scores may be a more primitive or basic type of 
organization | is category organization, since it is used as well by 
younger chil из by older, while the younger children utilize the 
inherent cate: organization very slightly, even when their own cate- 
gory items « ced. The fact that the younger children did not show 
better perfor: 'e on either recall or organization measures on the list 
that contain: cir own idiosyneratie category responses tends to sup- 
port the con on that it is not learning of standard adult categories 
but the iner | ability to use hierarchical organization in this situation 
that explain- he child’s increasing recall performance. An alternative 
interpretatio: «vould propose that some unidentified factor was interfer- 
ing with th: rformance of the younger children on the category lists. 

These fin! cs could support a view that there is a change from a 
single conneviion S-R type of cognitive organization to a hierarchical 


organization siter age five (e.g., White, 1965). It should be noted in this 
connection, however, that all SO measures, including RPI, have measured 
only these single (and uni-directional) connections. If any groups larger 
than two are being utilized by Ss, and if the groups are flexible in 
direction, SO-type measures will underestimate the organization. Al- 
though studies which employ a strategy of allowing Ss to group items 
prior to recall, such as those of Mandler (1967), enable E to estimate 
clustering with non-categorized materials, they are difficult to apply to 
the ages under study here. Thus further exploration with techniques and 
Measures combining the content-free advantages of the SO-type scores 
and the multiple-component aspects of category clustering measures are 
needed to clarify the possibility of a qualitative change In organizing 


Strategy at this age level. 
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The Magnitude of the Orienting Response in Children 
as a Function of Changes in Color and Contour! 


CORNELIA Dopp AND MICHAEL LEWIS 
Educational Testing Service 


To investigate the effects of various changes on the magnitude of (ho OR, 
two pairs of stimuli were used such that for each pair, each stimulus served 


affect OR magnitude, The results Support this view and suggest ih. the 
salience of the change in terms of the organism’s hierarchy of interes! must 


The orienting reflex (OR) has been characterized, in part, by response(s) 
which habituate with repeated presentation of a stimulus л! which 
reappear when the repeated event is altered (Sokolov, 1963). -okolov 
further states that response decrement and recovery аге mediated by 
some central process such as memory acquisition or neuronal mode! lorma- 
tion. When an external event does not match any internal mode! central 
excitation occurs and results in orienting behavior. When the external 
event matches an internal model, central inhibition occurs and little or 


response decrement сап be viewed as a function of the speed of model 
acquisition (Lewis, 1968; Lewis & Goldberg, 1969), and amount of re- 
Sponse recovery can be seen as a function of the degree of discrepancy 
between an external event and an internal model (Lewis & Goldberg, 
1966). 


ations and their effect on the amount of response recovery. It is known, 
for example, that the OR is affected by changes in terms of intensity 


*The research was supported in part by Grant Number HD PO 1-HD-01762 and 
NSF Grant Number GB-8590. Reprint requests should be sent to Dr. Michael Lewis, 
Center for Psychological Studies, Educational Testing Service, Princeton, N. J. 08540. 
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(Zimmy & Xc be, 1966, Bernstein, 1967). Results reported by Lewis, 
Goldberg, and Iiıusch (1967) suggest that factors independent of inten- 
sity, such as © or and content changes, can influence the magnitude of 
the OR. Thu- ıl may be the case that such variables as the relevance of 
the change to ihe organism’s ongoing behavior, and the salience of the 
change in ter- of the organism’s hierarchy of interests must be included 
in any compl» analysis of the magnitude of an OR as a result of changes 
in a repeated | vent, 

In the рге! experiment, two pairs of stimuli were used such that for 
each pair, ‹ -timulus served as the repeated event (S,) for one group 
of children | as the altered event (S;) for another. In this way dis- 
crepancy w old constant and only the order of stimulus change was 
varied. It predicted that stimulus change resulting in increased 
stimulus їп ity or complexity (e.g, additional elements or dimensions) 
would resu a larger OR than stimulus change resulting in decreased 
intensity. | first pair of stimuli, changing from chromatic to achromatic 
as well as ¢ other direction was a test of the above hypothesis in that 
the additi or subtraction of color represents, at least, a complexity 
change. Gi n no change in stimulus intensity, or complexity, the theory 
provides no -tatement as to the effect of the direction of the change on 
the magnitude of the OR. If there were significant differences in OR 
magnitude, factors such as stimulus salience would then have to be 


evoked. Tie second set of stimuli equal in number of lines but differing in 


contour was a test of this problem. 


METHOD 


Subjects 
Two groups of children 3% years of age (+4 months), served as 
s and 10 girls, and Group II 


subjects. Group I consisted of 20 Ss, 10 boy: d 
consisted of 32 Ss, 19 boys and 13 girls. No sex differences were observe 
in the data so the data aeross sex are pooled. 


Procedure 


The experimental procedures were identical to those described in the 
Lewis, Goldberg, and Rausch (1967), and Lewis and Goldberg (1969) 
studies. Briefly, each S was seated at a table in a uniform gray room 
approximately 5 X 5 feet. An adult female sat to the rear and side of S. 
Visual stimuli were presented by rear-sereen projection approximately 
215 feet from S's head and at S's eye level. 

Figure 1 presents the two pairs of stimuli that were presented. Set A 
consisted of six presentations of an achromatic (AC) picture of a family 
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Fic. 1, Visual stimuli for sets А and A, (top) and sets B and В, (bottom). АШ 
stimuli except опе (top right) were chromatic. 


followed by a seventh Presentation of the same picture in color (C) ; this 
will be referred to by the notation АС C. Set A; consisted of six presen- 
tations of the chromatic picture used in set A, followed by the same 
achromatic picture: C > AC. Set B consisted of six presentations of & 


sion has been shown to be ап early aequired concept and available at 
this age (see Lee, 1965) it was thought to see the effects of color and its 
absence on this type of experimental paradigm. Curvature has also been 
found to be an effective stimulus change (see Lewis & Goldberg, 1969) 
and it was thought to further explore this dimension. 
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Each trial was 30 seconds long with a 30-second intertrial interval. 


Group I reccived set A followed by B, while Group II received set Ay 
followed by H.. The interval between the seventh trial of set A (А,) and 
the first trial of set B (B,) varied from 1 to 10 minutes depending on E's 
judgment о! 5's restlessness. The amount of rest time was equal across 
groups. If the child was judged restless he was taken from the room and 
allowed to лу for up to a 10-minute rest period. 

Measuremey/ Procedures 

As in the earlier work (Lewis, Goldberg, & Rausch, 1967; Lewis & 
Goldberg, 1969), fixation time was recorded by an observer who was 
unaware wliich stimulus was on the screen. An additional observer re- 
corded smiling, pointing, and surprise. The depression or release of a key 
by the obs гу от activated an event recorder and recorded the occurrence 
of the Беһ: тог. An automatic timer recorded stimulus onset and offset. 
Interscor liability for these measures using the same observers has 
been consi-'«itly high varying from rho values of .68 to .97. 

Response :lecrement was evaluated on the basis of a least square best 
fit regression curve computed for Trials 1-6 of the form Y = A + Be 
(see Lewis 4 Goldberg, 1969). Response recovery was evaluated on the 
basis of a : omparison of the observed response on Trial 7 with that pre- 
dicted by ihe regression equation. In effect, each group served as its own 
control with: behavior on Trial 7 evaluated on the basis of parameters of 


previous behavior by the same Ss. 


RESULTS 
Chromatic and Achromatic Stimuli 
Response Decrement 


Fixation. The mean total fixation (TF) for each trial for the ACC 
and C — AC groups of Ss and the best fit regression curves for these two 
groups are shown in Fig. 2A. Both groups showed response decrement 
fitting the form of a negative exponential function. The best fit curve for 
the АС C group was Y — 7.66 + 23.25e-2 (Е = 67.03, р < .005) and 
for the C> AC group was Y = 1.85 + 24.28е7% (Р = 33.39, p < 01). 
The raw data indicated more rapid response decrement for the AC> C 
group. A comparison of the decrement scores (Trials (1-6)/1) for the two 
&roups showed a significant difference (Mann-Whitney U test, Z = 2.00, 
P < 05), with the AC —> C group showing the greater decrement. More- 
Over, the mean TF over Trials 1-6 was significantly different for the two 
sroups (U test, Z = 3.19, р < .001). i 

Smiling. Figure 2B presents the mean smiling time for each trial and 
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MEAN TOTAL FIXATION IN SECONDS 
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TRIALS TRIALS тв 
Fic. 2, The mean fixation, smiling, and pointing data and the best ıı r 
curves for the АС — C and C> AC groups. 
the best fit curves for the two groups. Like fixation, the smiling 
both groups showed response decrement fitting a negative ¢xponel 
function. The best fit curves were Y = 1.36 + 6.60e- (F = 1164, p 


test, Z = 0.08). 

Pointing. The pointing data were less consistent than the fixation 
smiling data (see Fig. 2C). This was attributable to the fact that fe 
Ss contributed to the data; there were a number of Ss who either did 3 


significantly different from the points predicted by the regression curvi 
for both groups. For ће AC —> C group, the observed TF represented > 
distance of 9.77 standard deviations from the predicted point (p «1 
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1072)? and { пе C — AC group, 4.06 standard deviations from the 
predicted poi p < 2X 10°). In order to compare the differential 
recovery bet» ihe two groups, it was necessary to use difference scores. 
This differen: ore was computed by subtracting the mean of the last 
3 trials fron value on Trial 7. An alternative procedure would be to 
obtain the 7- nus 6-Trial differences, While both procedures generate 
the same rc ‚ the former utilizes more trials and reduces chance trial 
variations. U-ing the 7 minus the mean of the last three trials resulted in 
a significant i соуегу difference between the groups with the AC— C 
showing greater recovery (U test, Z = 3.68, p < .001). 

Since the ^ on Trial 7 approached the maximum TF possible on any 
one trial (30 -«conds), the data were analyzed further to determine if a 
ceiling effe ıd limited the fixation on the violation trial. The latency 
to the first tion for any trial sets a functional limit on the total 
amount of tion for that trial; e.g., if the latency is 10 seconds, the 
maximum '"' possible in a 30-second trial is 20 seconds. The mean 
latencies w 1.5 seconds for the AC — C group and 2.4 seconds for the 
C> AC gro: òo and the difference between them was not significant. Since 
the mean " ' on Trial 7 for the C— AC group was 24.3 seconds and 
therefore w- | within the functional limit for that trial, it appears that 
the lower 1. very for this group is difficult to attribute to a ceiling effect, 
but rather pears dependent upon the nature of the stimulus and the 
experiment! procedure. Alternative hypotheses about С> AC and AC 
> О difference are presented in the discussion section. 

Smiling. ‘(he mean smiling time on Trial 7 also showed response re- 
covery (sce Fig. 2B). The observed mean smiling time on Trial 7 repre- 


sented a distance of 7.75 standard deviations from the predicted point 
for the AC C group (p < 5 X 1075), and 8.08 standard deviations 
(р < 5 x 10°) for the С» AC group. А comparison of the difference 
scores data showed that the AC— С group recovered more than the 
C—AC group (U test, Z — 2.04, p « .05). 

Pointing. Since the pointing data did not fit regression curves, only 
change scores were possible to observe. A comparison of the differences 
between the mean of the last three trials and Trial 7 indicated that both 
groups showed recovery on Trial 7 (AC C group: Z = 145; С AC 
group: Z = 241, p < .01). A comparison failed to indicate any significant 
difference between the two groups. am 

Surprise. Not enough surprise was recorded to be analyzed statistically. 
In both groups, all recorded instances of surprise occurred on the violation 
trial, three in the AC C group, and six in the C> AC group. 
Ба ` Because response recovery was predicted, one-tail tests were used. For all other 

Sts of significance, two-tail probability statements were made. 
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Straight and Curved Line Stimuli 


Response Decrement 


Fixation. The mean TF by trial for the CL — SL and SL — CL groups 


and the best fit regression curves are shown in Fig. ЗА. oth groups 
showed response decrement fitting the form of a negative exponential 


function, The best fit curve for the CL — SL group was Y = 941 4- 
20.51e-^* (F = 1240, р < .03), and for the SL— CL group was Y = 
13.40 + 16.24e-5* (F = 86.67, p < .001). There was no significant dif- 


ference in the decrement scores (Trials (1-6) /1) for the two groups, nor 


in the mean TF over Trials 1-6. 

Smiling. Both groups showed deerement in the smiling response of the 
negative exponential form (see Fig. 3B). The best fit curves were Y= 
0.76 + 7.35e** (F = 13.32, p < .03) for the CL— SL group, and Y 
= 1.43 + 21.54e*^* (P = 9749, p < .001) for the SL — CI. «roup. The 
decrement scores for the two groups were not significantly diferent, 

Pointing. The pointing data are shown in Fig. ЗО and unli\« the data 
for sets A and A,, the data significantly fit negative expone. ıal regres- 
sion curves, For the CL — SL group, the best fit eurve was \ = 0.34 4- 


MEAN TOTAL FIXATION IN SECONDS 


Fic. 3. The mean fixation, smiling, and pointing data and the best fit regression 
curves for the CL — SL and SL — CL groups. 
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Бие (Р = 09.40, р < .005), and for the SL CL group was Y = 
120--287e ^" (F = 1134, p < .05). There was no significant difference 


in response (dec: ment, for the two groups. _ 
Response Reco гу 

Fization. Both the CL SL and SL CL groups showed response 
recovery on the violation trial (see Fig. 3A). The observed mean TF on 
Trial 7 for the CL— SL group represented a distance of 2.64 standard 


deviations (p — .004) from the point predicted by the regression curve, 
and for the 51, > CL group, à distance of 8.31 standard deviations (p 


< 5X 10) om the predicted point, A comparison of the difference 
scores reveu!:! that the recovery for the SL— CL group was greater than 
that for the C1. > SL group (U test, Z = 1.88, p < 07). 

Smiling. О ly the SL— CL group showed significant recovery of the 
smiling res: on the violation trial (see Fig. 3B). The observed re- 
sponse for ıl. CL. — SL group represented a distance of 0.73 standard 
deviations fa the predicted point, and the SL > CL group, а distance 


of 802 stan rd deviations (p < 5X 10%). Like fixation, recovery of 
the smiling | sponse was greater for the SL > CL group although this 


difference f: d to reach significance (U test, 2 = 134). 

Pointing. \\ссоуегу of the pointing response on the violation trial was 
evident in tiv data for both groups (see Fig. 3C). The observed response 
of the CL — SL group was 1.68 standard deviations (p < .05) from the 
predicted point, and of the SL — OL group, 4.50 standard deviations 
(p <1 x 10°). As for the fixation and smiling data, the recovery for the 
8L CL group was greater than for the CL SL group, but again this 
difference did not reach significance (U test, Z = 1.67). As 

Surprise. "There was not enough surprise recorded for апу statistical 


analysis. However, nine instances of surprise were 
SL group, and eight of these were on either Trial 1 or 7, the trials when 
а new stimulus was presented. For the SL CL group, all seven of the 
recorded occurrences of surprise were on the violation trial. 


DISCUSSION 

Both the AC.» С and С> AC groups’ decrement data fit negative 
exponential functions. However, the C — AC group showed less response 
decrement, The data suggest that decrement differences exist, between 
stimuli differing only in the presence or absence of color. If the addition 
of color can be considered to increase the intensity or complexity of the 
Stimulus array, these present results agree with other studies indicating 
habituation differences as a function of complexity in the young child 
(Ames, 1966; Brennan, Ames, & Moore, 1966; Cohen, 1965). 


1 


H 


304 DODD AND LEWIS 


of recovery is significantly different. Parenthetieally, the data also 
demonstrate that Tecovery is not limited by the magnitude of the initial 
response. - j 


a change to curved lines produces a larger OR than a change to straight 
lines, b 

It is difficult to state the reasons for the differential OR magnitudes. 
However, it should not be surprising to discover that some environment: d 
changes produce more immediate attending than do others, James (1890). 
has suggested a useful conceptionalization when he discusses two types 
of attending behavior: passive or involuntary and active or voluntary. 


Thus, the ery of a baby and the noise of a moving truck (equal in inten- 
sity) should produce unequal OR’s to the listening mother. A. 
In order to explore this problem of differential OR’s, a recent investi- 
gation by Lewis (1969) introduced changes in color, form, number, and і 
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rotation ani nd a significant hierarchy of response recovery. Demon- 

strating tha > hierarchy was related to other dimensions of cognitive 

salience, it argued that this OR paradigm is a useful vehicle for 

mapping ou: | nulus salience hierarchies in the young child and from a 

developmen. point of view, their change over time. 
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Fixed-Ratio and Fixed-Interval Schedule: 
of Cartoon Presentation! 


MICHAEL D. ZEILER? AND CRYSTAL A. KELLEY 
University of Iowa 


Children turned cartoon movies on briefly by pressing one lever: cartoons 
appeared according to either fixed-ratio (FR) or fixed-interval (FI) schedules. 
Presses of a second lever did not present the cartoons, The rate of : ponding 
to the FR or FI lever Increased, and responding to the other lever decreased, 
Generally, there were higher and steadier response rates with the WR than 
with the FI schedules. Further evidence for Schedule effects was that 
children changed to FR. after first being trained on FI rapidly ined а 
high, steady response rate, and children changed to FI after initi»! ‘raining 
on FR attained a lower, more erratic rate. The duration of eac! cartoon 
presentation appeared to be relevant in determining the abili: of the 


In a series of experiments, Baer controlled the behavior of «lıildren by 
having the presence or absence of cartoon movies depend o responses. 
Responses that avoided the termination of the cartoons increased in ' 
frequency (Baer, 1960), and responses that turned the movie off became 


less probable (Baer, 1961, 1962). On the basis of these data tovcther witi 
the observation that Ss would respond to turn the film back on (Baer, 
1960), Baer concluded that cartoons operate as positive reiniorcers for 
young children. T 
As of this time, cartoon 
of positive reinforcement, namely, 


* This research was supported by Research Grant HD 02845 from the 
Institute of Child Health and Human D 


University of Iowa. 
*Now at Emory University. 


iXED-RATIO AND FIXED-INTERVAL SCHEDULES 307 


viewable moii» is not available from Baer's research, because, in his 
experiments propriate behavior would keep the films on continuously. 
METHOD 
Subjects 
The Ss were preschool children, ten girls and eight boys, ranging in 
age from 4 lo 5 years. The children were studied during the normal 
school day 
Apparatus 
A 28 x 10 x 12-ineh wooden box was located on the floor of the dimly 
lit experimental room, approximately 6 feet in front of an 18 X 24-inch 
translucent Plexiglas screen (Polacoat). The box contained two response 
levers maul irom sponge mop handles (Bijou, 1957) located 8 inch apart. 
A 16-11 sound motion picture projector behind the screen showed 
animated «urtoons, and a loudspeaker placed in the experimental room 
enabled S: hear the sound-track. An electrically operated shutter could 
be interpo-: | between the projector lens and the screen to block the image 
and previ) the movie from being seen; the shutter operation also dis- 
connecte ihe soundtrack from the speaker. The projector continued to 
operate during shutter closures, but S could neither see nor hear the film. 
Typographic material was removed from 12 black and white animated 


cartoons. und the films were placed on three reels of four cartoons each. 
The cartoons ineluded five of Woody Woodpecker, two of Dynamo Doe, 
and one cach of Chilly Willy, Mighty Mouse, Mickey Mouse, Daffy 
Duck, and Inspector Willoughby. ^ 

Transistorized programming equipment, electromechanical counters, а 
running time meter, and a cumulative recorder controlled procedures and 
recorded data automatically. 


Procedure 


Each 5 was brought into the experimental room and was seated Ў 
floor in front of the response-lever box. The E told the child to "press 
the levers and see what happens." E 

All Ss had a concurrent schedule of cartoon presentation: Responses 
to one lever turned the films on and responses to the other lever did not. 
The lever associated with each of the two components of the concurren 
schedule alternated on successive days of training; at the start of A RON: 
Sion, E pointed to the cartoon lever, the one that produced the movies, “ш 
said, “Pressing this lever will turn the cartoons on.” For one group 0 
nine children (FR group), the schedule was concurrent fixed ratio (FR) 


on the 


1 


+ 
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extinction: every nth response to the cartoon lever turned the film on, 
For the other group of nine children (FI group), the schedu), was con- 
current fixed-interval (FI) extinction: the first response to tne cartoon 
lever after the time Specified by the interval elapsed present: the film. 
Intervals were timed from the end of each Viewing period ‘nd only 


responses occurring when the cartoons were off met the ratio requirements. 
In their first Session, 12 Ss had 10-second periods of cartoon presen- 
tation. Thereafter, and throughout the entire experiment for ilie rest of 


the children, each viewing period was 30 seconds. 
Ratios progressed from FR 1 to FR 30 for the FR group. When Ss 


reached FR 30, they were maintained at that value for at least one and 
usually for two complete sessions. Three children had an addition 11 session 
at FR 60, and two had another session with the schedule changed to 
concurrent FI 30 seconds extinction, 

After a progression from FR 1 to FR 5, Ss in the FI group wcre put on 
a fixed-interval schedule. Schedule values were raised from 1'i 1 second 
to FI 30 seconds, Children were maintained for at least one av usually 
for two complete sessions at FI 30 seconds, Four children ha] an ad- _ 
ditional 1 or 2 days at FI 60 seconds, and two had another s:.-ion with 
the schedule changed to concurrent FR 30 extinction. 

No responses to the cartoon lever turned the film on if thc oceurred 
within a specified time after a response to the extinction leve, Ге time 
Was 3 seconds during the first session for 15 Ss and Increased to 6 seconds 


successive days. On all days after the first, the session began with a 30- 
Second presentation of the cartoon, 1 


RESULTS 
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15 Minutes 

Fig, 1. ‹ ‘lative records of fixed-ratio behavior for the last day of exposure to 
the schedu!. I'he response pen offset during film presentations; slash puse OR 
record ind cartoon periods when the pen did not offset, Deflections enam 
event pen саќе the occurrence of response to the extinction lever; m i 
remained «lı Посед for the 6-second period in which responses to the other lever 
could not п on the cartoon. 

Both ratio and interval schedules maintained lever pressing at ты 
the parameter values studied but there did appear to be effects of partic- 
ular schedules. Although there was overlap between the Ss of each group, 


4 Mann-Whitney U test showed that the response rates were higher with 


FI30-: 
Sec 512 
Ej 
A: 


500 Responses 


513 


15 Minutes 
Fia, 2. Cumulative records of fixed-interval behavior for the last day of exposure 
to the schedule. Recording was as in Fig. 1. 
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the fixed-ratios than with the fixed-intervals (p < .05, 2-tailed test). The 
highest rate on FR was 3.0 responses per second, and the median rate 
was 1.5 responses per second. In contrast, the highest rate on FI was 21 


responses per second, and the median rate was 0.4 responses per second, 
Figures 1 and 2 indieate the considerably higher rates on FR (һап on FI 
for the slowest responders of each group. These data suggested that the 
fixed-ratios maintained a characteristically faster rate than did ihe fixed- 
intervals. р 


responding immediately. The patterns of responding were not markedly 
different with the fixe -interval schedules. Some children responded at 
a constant rate, and others were less consistent. There were more cases 
of positively accelerated responding between viewing periods with the 
fixed-intervals than with the fixed-ratios, and more variabilitv within- 
and between-Ss with the fixed-interval. 

Figure.3 shows the behavior of children switched from concurrent. FR 
extinction to concurrent FI extinction and vice versa. Those chanced from 
FI 60 seconds to FR 30 showed a marked increase in rate: The rate of S14 


FI 30-Sec after 
FR60 


FR3Oafer a 
FI 60-Sec 5м 


500 Responses 


I$ Minutes 


Ета. 3. Cumulative records for fixed-ratio behavior following days with fixed- 
iterval schedules and vice versa. Recording was in Fig. 1, 
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erratic patter responding between viewing periods that characterized 
FI behavior =!) с to a steady rate with FR. Changes from FR to FI did 
not have equ:ılly obvious and immediate effects: The rates remained at 
the FR level ior much of the session. One child, 53, declined in rate by 
the middle vt ‘he session and changed from a steady rate to a more 
erratic райо. the other, S4, revealed similar changes by the end of the 
day. These іа indicated that when fixed-intervals generated a moderate 
or low rate, lixod-ratios increased and stabilized responding, but that the 
high steady rale generated by FR persisted through much of a single 
day of FI. 

The childivi) usually sat quietly and watched the films when they ap- 
peared witli uit pressing either lever. A notable exception was S14 when 
switched fro) FI to FR. This child responded throughout the film presen- 
tation in tho carly part of the FR session (Fig. 3, segments marked “а”). 

Each S v-ponded to the extinction lever more frequently in the first 
than in lai: sessions. After the first day, 15 of the 18 children pressed 
the extine! lever no more than seven times; the other three Ss behaved 
similarly b> ihe third session. The slowest children to eliminate respond- 
ing to the extinction lever all began training with the short (3-second) 
delay perio! between extinction responses and a film presentation for a 
response to the other lever. 

Four cliidren were not observed on any schedule value for an entire 
session. Oue left school due to family vacation, and the other three, two 
trained оп FR and one on FI, refused to return after the first, session. 
These three children all had received 10-second cartoon presentations. No 


8 started with 30-second periods refused to return, and one ehild, who 
Was reluctant to return after a first day with 10-second cartoon durations, 
participated readily after the second day when the period increased to 
30 seconds. Those children who would not return pressed the lever at а 
low rate (about 0.1-0.2 responses per second) in the sessions in үр 
Шеу participated. Informal observations suggested more extraneous be- 
havior (thumb-sucking, exploration of equipment and the experimental 
room, playing with elothing) for most Ss before they were changed from 
10- to 30-second viewing periods. 


DISCUSSION 


When cartoon viewing depended on pressing a lever, the rate of тет 
sponding increased. Thus, discrete periods of cartoon viewing functioned 
similarly to other intermittently given reinforeing stimuli in controlling 
behavior. These data, taken together with Baer's (1960-1962), show 
that children will respond to produce cartoons briefly, will avoid the 
termination of cartoons, and will stop performing responses that termi- 
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nate a cartoon. Cartoons, therefore, ean control the behavio of many 
children in a variety of reinforcement paradigms, 

The present data do suggest that the duration of each vi ing may 
determine the effectiveness of cartoons. With periods that arc ioo short, 
cartoons may be ineffective, and based on some children's refus:! to return 


to the situation, may even be avoided. Whether duration of presentation 
alone is the major variable, or whether duration interacts with particular 
schedules to determine the functional properties of cartoons, is unknown. 
In the light of Kelleher and Morse’s (1968) data showing that electric 
shock—a stimulus commonly used in studies of avoidance, escape, and 
punishment—will increase the probability of a response produci it when 
the shock is programmed at certain intensities and according to particular 
schedules, it would not be surprising if cartoons either increase о! decrease 
responding depending on such parameters as duration and schedule of 
presentation. 

The behavior observed with fixed-ratio and fixed-interva| chedules 
was like that reported by Long, Hammack, May, and Camph] (1958) 
with trinket, penny, and photographie slide reinforcement, Tiat study 
also found little postreinforeement pausing with schedules up ' FR 60, 


and more variability with the fixed-interval schedules. The Long et al. 


data suggested that the fixed-interval behavior does become + inewhat 
more stable if a large number of sessions are conducted and if ¿he power 
of the reinforcing stimulus сап be maintained. 

The present study allows no conclusion as to whether tho effective 
event was the presentation of the cartoons or was the termination of 
periods without cartoons, Long et al. (1958) recognized the possibility of 
escape from the absence of stimulation and attainment of a stimulus 


phenomenon extending beyond work with children: * . . . the acceleration 
to a terminal rate reported for lower organisms responding for homeostatic 
reinforcers may be in part for positive consequences and in part for the 
removal of an aversive one” (Long et al., 1958, p. 332). Recent data 
(Morse and Kelleher, 1966) show that the termination of noxious stimuli 
produces patterns of responding very similar to those observed with food 
presentation (Ferster and Skinner, 1957). Since escape and stimulus 
presentation affect behavior similarly, separating their influences would 
appear to be difficult. Evaluation of the Possibility that acquisition and 
escape may operate together awaits techniques that can isolate the effects 
of terminating the absence of cartoons or other stimuli from the effects 
of the presentation of the event. 
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An Experimental Analysis of the Criteria Use by 
Children to Judge Quantities 


GRAEME S. HALFORD 
The University of Newcastle 


This study was an attempt to investigate the ability of various rroups  -— 


of children to classify containers which were unequal to an original container. 
Material was poured from an original container (0) into a new co 'ainer 
(1) of the same quantity but different height and breadth. A series o tand- 
ard containers equal to I in diameter but either shorter or tali: was 
Placed between O and I The S was asked whether the standards would 
overfill or underfill O. In a control condition Ss did not know that : und J 
were equal in quantity. Not only Ss with Conservation but also поз. nser- 
vation Ss performed better in the experimental condition than in the | ntrol 


condition, provided the Ss were over 5 years of age. Ss under 5 years of age 
showed no difference between experimental and control treatments. The 


construct a classifiactory system which provides logical criteria for j iging 


The conservation of quantity is described by Piaget (1950, 1952, 1957) - 
in terms of the logical multiplication of heights and breadths of con- 


For instance, if there is a container SI (equal to I in breadth but shorter) 
314 
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then SI is пе ily less than О. Similarly a container taller than I but 
equal to it in «ith is necessarily larger than О. Thus, the classification 
of these con! rs implies that, given the breadth of SI, Т, TI, ete., Т 
alone has thy ht which will make it equal to О. Thus, understanding 
of the relati: «tween equal containers implies a classificatory system 
which must « wiih unequal containers as well. 

This classılıctory system corresponds to part of the classificatory 
system impli бу conjunction. Any logical operation has a truth table, 
which classifi: events into mutually exclusive and exhaustive categories, 
and assigns 1o sch category a certain truth value. A classificatory system 
for containei- may be constructed which corresponds to the truth table 
for conjuncti ‘his is shown in Table 1. 

TABLE 1 
CLASSIFICATORY SYSTEM FOR ANY CONTAINERS 

Material i cd from О to Z or one of the containers in the column beneath it 
(narrower o: than J, NI, and WI: shorter or taller than 7, SI, and TI). Any 
container m: classified according to whether it has the height, breadth, both or 
neither of /, «| 1ı is equal to O. (hz = “not the same height as hy”). The truth table for 
conjunction i ‚ shown using the purely formal symbols A and В. 

Original entity Height Breadth Classification А В А.В 
S __ че CT og а 
0 į hx b, Equal i. 1 
XI, WI hy bs Unequal i OL. U 
SI, TI hx b. Unequal nos 0 
Miscellaneous hy b. Indeterminate 0 0 0 


If, as Piaget (1950, 1957) claims, conservation depends on logical 
multiplication of height and breadth, then a S who understands conserva- 
tion must have an implicit classification system isomorphic to that of 
Table 1. The logical operation itself cannot be directly investigated 
empirically. The existence of the classificatory system may be investi- 
gated. It is the purpose of this work to investigate the ability of children 
to classify containers in category three of Table 1. The procedure is essen- 
tially similar to that of an earlier investigation (Halford, 1968). — 

Children may recognize the identity of the material in О and I without 
Conserving, since identity is a necessary but not a sufficient condition of 
Conservation (Bruner, Olver, and Greenfield, 1966). Identity as such is 
merely an observed fact. It means that the material in J was formerly in 
O, but this has no consequences for its quantity. However, once а classifi- 
catory system such as that of Table 1 has been constructed, identity 
does have consequences for the dimensions of the containers. Identity 
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becomes integrated into а system which links it to observationg of 
inferences about dimensions, and this integration may well b essenti; 
the achievement of conservation, 

Children who have conservation should have the classificatory в; 
corresponding to heights and breadths. Such Ss should be able to clas 
containers appropriately in any of the categories shown in Table 1, Ti 
of Table 1, they must; be eap 
of recognizing that such containers are different from О because they hay 
height. Since they can obs 
whether the height is less than or greater than that of Г, they should b 
able to state whether such containers are less than or greater than O. 

Children who do not have conservation should not have this classifie 
tory system, They should therefore be incapable of recognizing 
containers SI— — to SI are smaller than O because they are shorter t 
I, and that containers TI to TI+-+ are larger than О becuse they | 
taller than I. In short, they should be ineapable of correctly sponding 
containers which are the same diameter as I, but different in heigl 


beyond the level of performance which is possible by direc! percepti 
judgment. 


EXPERIMENT I 


Method 
Subjects! 


The Ss were 208 school children aged 6-8 years from four state schoo 
in the Newcastle area, Those Ss off 


, 13 in each experimental group. Each E was as 
to a different school. 


Apparatus 


The apparatus consisted of 16 cylindrical, clear perspex beakers sim 
to those described earlier (Halford, 1968). The six originals were equal 
quantity, and had dimensions (internal diameter, internal heigh! 
inches) as follows: IE, 1.25 X 9.23; 1C, 1.50 x 6.60; 1B, 1.75 X 


on, from several schools in the New 
area, from the Maitland Nursery School, from “The Hill” Kindergarten, and fr 
Mr. R. Wilson, Misses A. Muir, D. Peel, and Р. Huby, and Mrs. J, Shipley. 
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1A, 225 X 2.85; iD, 2.75 X 1.90; 1F, 3.25 X 1.38. The six standards all 


had the same ıı «dth (2.00 inches) and their heights were: SI——, 2.85; 
81—, 3.15; 51. 3.45; TI, 3.75; TI--, 4.05; TI+-+, 4.35. The identity 
container J wi. 2.00 wide by 3.60 high. Thus, there were three standards 
shorter than ihe identity (SI—— to SI) and three taller (TI to TI----). 
Three of the originals also were shorter than I, (1A, 1D, and 1F) and 
three were taller (1E, 1C, and 1B). 

There were three containers used solely for the conservation of quantity 
pretest. These were: 2A, 2.75 X 3.00 (2 of) and 2D, 1.75 X 7.45. 
Procedure 

All Ss were first given the classical test for conservation of quantity, 
using the procure deseribed previously (Halford, 1968). 

The testi; procedure for the experimental or known quantities (К) 
groups was «> lollows. The S and E were seated on adjacent sides of a 
table. One o! ihe originals, already levelfilled, was placed a few inches in 
front of S. The identity container I was placed empty a few inches to the 
side of О, ax! O was poured into I. A standard container, already level- 
filled, was placed between О and I. The E said: 

“If I pour this one (standard) into here (original) will it overflow, or 
will there no: be enough?” 

The question was repeated with appropriate additional comments when 
necessary to achieve understanding. After S answered, the standard was 
poured into ©, and S was asked “were you right?”. If this question was 
hot correctly answered, explanation was given. The procedure of pouring 
the standard into O was discontinued when S clearly understood what he 


was being asked to do. 

The procedure for the control or unknown quantities (U) condition was 
the same except that O was emptied into a bowl nearby, and I was 
already levelfilled. Thus, U Ss did not see О poured into T, and did not 
therefore know that these two containers were equal in quantity. The 
procedure forced Ss to judge the standards as either greater or less than 
the original. 

, Each of the six originals were presented with each of the six standards 
ìn this way. The 36 paired comparisons were presented in a pre-arranged 
random order, 12 in each of three 15-minute interviews. ; 

At the conclusion of the third interview, the Ss were given the classical 
test, for conservation as а posttest. 


Experimental Design and Hypotheses 


On the basis of the classical test for conservation, the Ss were assigned 
to а Conservation (C) or a Nonconservation (N) group. Half of each 
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group was then randomly allocated to the K or U experime)i!al tj 
groups. There were, thus, four groups of 52 Ss each. 
Conservation Ss should be able to classify the test containers 
to I. All the test containers have the same diameter as Г. Th 
conservation Ss should recognize that I alone has the corre! height 
O. Thus, I, may be used as a criterion for deciding whether а test contai 
is less than or greater than O. If conservation implies the existence 
classificatory system discussed earlier, C Ss should perform this 
whereas N Ss should be unable to do so. Thus, N Ss should have 


on direct comparison of standards and O, and make their judgments 
perceptual criteria alone. Since the differences to be diserimin: { 
small, use of I as a criterion of quantity should result in improved p 


formance for C Ss. Thus, C Ss should perform better in the K coni 
than in the U condition. The N Ss should show no such difference 
K and U treatment conditions. 


Thus, the key hypothesis is that there should be more ай 
between К and U groups in the case of C Ss than in the ea: of М 
Results 


The mean number of correct responses out of 36 are shown for. 
experimental group and each E in Table 2. Analysis of variance of 
data showed that all three main effects are significant at 001 le 
beyond. For K/U, Е, ло: = 38.7; for C/N, Fizo: = 12.1; for e 
menters-schools, Fs,» = 11.4. None of the Fs for interactions invol 
Es is significant. This indicates that the procedures are reliable acro 


TABLE 2 Я 
Mean NUMBER or CORRECT RESPONSES (out of 36) ror 
Елсн EXPERIMENTAL GROUP AND EACH EXPERIMENTER 


Experimenter schools CK CU NK 
A 29.2 26.0 29.3 

B 27.5 21.9 24.0 

с 27.2 23.8 24.0 

р 25.5 20.9 21.6 

Group means 27.4 23.2 24.7 


The main hypothesis was that there should be more difference between | 
K and U groups in the case of C Ss than in the case of N Ss. This corn 
sponds to a planned comparison which gives weights of +% to CK A 
NU and weights of —1%4 to NK and CU groups. This comparison И 
F5, = .87, which is not significant. (The other F tests are equivalen » 
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corresponding planned comparisons, but are more conveniently stated as 
ominbus F te-\=.) 

Compariso:s among all pairs of means for the four groups CK, CU, 
NK, and NI were based on a standard error of the difference between 
means of .81. df = 102. All differences are significant at the .05 level or 
beyond excep! that between groups CU and NK and that between CU 
and NU. These last are significant by one-way test only. 

Of the original 104 N group Ss, 41 changed to conservation on the post- 
test. Of the 104 С group Ss, 14 changed to nonconservation on the post- 
test. On the null hypothesis that there will be an equal number of con- 
servation and nonconservation Ss on the posttest (ie., an equal number 
of changes i cach direction) X? = 13.50, df = 1, p < .001. Thus, it can 
be concludes! that significantly more Ss change from nonconservation to 
conservatio: ‘lian the reverse during the period of the experiment. 

Of the 41 \ Ss who changed to conservation, 23 were in the K group. 
On the nul! hypothesis that conservation performance on the posttest 
is independ: of membership of К or U treatment groups, X = .64, df = 
1, p >> .05. If the same test is used for all Ss, whether originally in the 
Cor N groups, X? = 2.06, df = 1, 10< p € 20. (Parenthetically, if all 
Ss who chanse from C to N or N to C on the posttest are eliminated, the 
mean соге! responses out of 36 are, for group CK, 27.10; group CU 


23.10; group KU, 24.69, group NU, 21.53. Comparing these with the 
column averages in Table 2, it is apparent that the elimination of Ss who 
change conservation status makes no difference to the relationship be- 
tween the experimental groups.) 


DISCUSSION 

The only way in which the results of this experiment are in accordance 
with prediction is that the C Ss do perform better in the K condition than 
in the U condition. However, this is also true of N Ss, and the difference 
is not significantly greater in the case of C Ss than in the case of N Ss. 
This means that № Ss must also have the skill attributed to conservation 
| Ss in the introduction. Thus, N Ss must be capable of judging quantity on 
logical as well as on perceptual criteria. 
Referring to Table 1 in the introduction, it is apparent that N Ss must 
have available at least part of the classificatory system which corresponds 
'o conjunction of height and breadth. This has several implications. The 
first is that these Ss have apparently partially constructed the concept of 
conservation, since they can judge quantity on logical criteria but do not 
Conserve quantity. This is consistent with the view that 

acquired gradually. 
Second, it means the classificatory system is apparently constructed 
before conservation occurs. This would be consistent with the proposition 


conservation is 


2d 
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that conservation results from the classificatory system, rather th 
reverse. It is incompatible with an interpretation in terms oi transi 
It means that Ss who apparently do not know (at least суйену 
O is equal to I, still know that SI is less than О and ТІ is larger t] 
To apply transitivity, S must know that О =]. It is, however, 
compatible with the view that conservation is attained 
learning to classify containers relative to I. In other words, the 
learn that I = O by learning that SI < O and TI > О. 

The other finding from the experiment is that С Ss are superior to 
in both the K and U conditions, This finding replicates the f indings of 
earlier study (Halford, 1968). The superiority in the U condition 
that C Ss are superior to N Ss even where judgments are оп а perce 
basis. This means that both groups of Ss can judge perceptual 
change in height needed to accompany a given change in breadth 
quantity remains constant, but C Ss are superior in making tlis judg 
This ability itself cannot lead to logical recognition of conso: vation: 
is not to say, however, that it is not conducive to const) tion 
conservation concept. 

Having found that a logical criterion of quantity ean be ıı: lized 
conservation is attained by the classical test, it is now inporta 
establish the earliest age at which this criterion ean be applied. Ke 
and Kendler (1962) have observed a change in cognitive behavior v 
occurs at age 5. Also, McLaughlin (1963) has suggested that the 1 
lying predisposition to acquire concrete logical operations might 
memory span of four items, which occurs at 415 to 5 years of age. 
it is possible that the classificatory system shown in Table 1, 
enables S to utilize a logical criterion of quantity, may first appear. 
&bout 5 years of age. 


EXPERIMENT II 

In Exp. II, a sample of Ss over 5 years, but who have not yet atta 
conservation, will be compared with a sample of pre-school Ss, usi 
same procedure as in Exp. I. It is expected that the 5 year olds will 


form better in the K condition than in the U condition, whereas the p 
school Ss will not. 1 


Method 


The procedure was as that for Exp. I. The 36 paired comparisons 
beakers were interspersed with 16 memory-span items, eight of three di 
each and eight of four digits each. The digits were selected from га nd 
permutations of decimal digits and spoken to S at the rate of one pe 
second, S being instructed to repeat them. 
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Subjects 

The Ss we: 00 children aged between 60 and 72 months from two 
schools in tli. ^^ weastle area, and 60 pre-school Ss aged 41-60 months 
from two No. astle nursery schools. Half of each group were tested in 
the К conditio: and half in the U condition. One E tested 19 Ss in each of 
the four experiental groups, and one tested 11. 

All Ss were pretested for conservation of quantity, and eliminated if 
they were found to have conservation. Only five Ss were eliminated for 
this reason. S- were accepted in the order provided by the school. Only 
three Ss were eliminated for failure to meet procedural requirements. 

There were {our exprimental groups comprising 5 year olds in ће К 


condition (FK), and the U condition (FU) and pre-school Ss in ће К 
and U condition (PU and PK). 


Results 

The mea: umber of correct responses out of 36 for each of the four 
experiments! -youps is shown in Table 3. Analysis of variance of these 
data yields  -ienificant main effect for age (Fim = 5.36, p < 05), but 
not for the + perimental treatment (Fi; = 2.01, p > .05). The effect of 
experimen!» was also non-significant (F112 = 1.67, p > .05). All inter- 
actions involving experimenters yielded F ratios of less than one, con- 
firming the roliability of effects across experimenters. 

The prediction that there will be more difference between ће U and К 
conditions jor the 5-year-old (Е) group than for the pre-school (P) group 
corresponds to a planned comparison with weights of +4 to groups FK 
and PU, and —% to FU and PK. This comparison yields Ёл = 4.08, 


p < .05. Thus, this prediction is confirmed. ! 
Comparisons among all pairs of means may be made using a standard 
error of the differences between means of .86, df — 58. This would mean 


TABLE 3 
PERFORMANCE OF Ss FROM BOTH EXPERIMENTS ON 36 JUDGMENTS OF QUANTITY 
Mean correct Percent better 
responses than chance 
Mean 
Exp. Contr. Exp. Contr. EC age 


Conservation Ss 23.15 519 28.6 52,52 85.1 


27.35 
Preconservation Ss 24.73 21.75 37.4 20.8 52,52 79.0 
Five-year-old Ss 23.33 21.37 29.4 19.4 30,30 67.8 
Pre-school Ss 20.83 21.33 15.6 18.8 30,30 52.6 
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that the FK group differs significantly from the other three, which 
differ among themselves. 

The number of correct responses made by the P group з ( 
significantly more than the 18 expected by chance (t= 4 14, dj i 
p < .01)). Thus, even pre-school Ss are capable of judging ihe change 
one dimension needed to compensate a a change in the othcr dimer 
where quantity is constant. Since they evidently cannot ıı іле lo 
criteria of quantity, this must be an “empirical” judgmont based | 
experience, rather than on logical inference. 

There were very few errors on the memory span tasks wit! three i 
per series. With four items per series, 38 Ss over five gavo correc! 
sponses to seven or eight of the eight series, and 28 P Ss did so 
2.78, .05 < p < .10. There is no significant association within groups b 
tween memory span performance and number of CRs on t'o quantiti 


comparison task. 3 
On the posttest, the numbers of Ss changing from a попео! servation & 
а conservation response were; for the FK group 1; FU + oup, 1; | 
group 2; PU group 3. Thus, there is no noticeable tender v for Ss 
either 53 or 68 months to change to conservation as a ıı 16 o thi 
procedure. However, there are significantly more changes fro... N to C hy 
the N group Ss in Exp. I than by the F Ss in Exp. II. The fro juencies 
41 out of 104 and 2 out of 60, respectively, X? = 23.78, dj 1,p 
001. The ages are 79 and 68 months, respectively. 3 


Supplementary Analysis 


The 36 quantity comparisons may be divided into four groups 9 
each, according to whether the originals used were short Gr. 1D, 1А 
tall (1B, 1C, 1E) and whether standards were short (SI—-., SI— 
or tall (TI, TI+, TI4-4-). The mean number of correct responses 0! 
nine for all experimental groups are shown in Table 4. 

А question which is of interest is whether correct responses are 
evenly over the four different kinds of comparisons. An alternati 
that Ss would find some types of comparisons harder than others. 
are three possibilities here: (a) Comparisons may vary in diffi 
according to height of original (factor О); (b) comparisons may 
difficulty according to height of standards (factor S); (c) there may | 
an interaction between these two factors (О x S). 

In the case of (c) if the original is short (S.) a short standard 
should appear more likely to overfill it than if the original is tall. 
should thus be more errors on eases SS (short original, short stand 
than would be expected from frequencies in the table as a whole. S 
larly, if the original is tall, a tall standard is more likely to appea 
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TABLE 4 
ME IRRECT Responses ON NINE Quantity COMPARISONS FOR 
Four GmQurs IN Expr. I AND II 
(Also n or of Ss who obtained more than 6 [Exp. I] or 5 [Exp. II] CRs) 


Experiment I standards 
Short Tall 


No. of Ss* No. of Ss* ^ Experimental 
leans succeeding Means succeeding groups 
Tall 02 48 5.40 32 CK 
27 50 2.56 9 CU 
^6 44 4.63 23 NK 
iN 49 1.63 6 NU 
Orginals 
Short 15 40 6.79 38 CK 
27 31 6.10 36 CU 
2 27 6.56 39 NK 
57 24 6.77 40 NU 
S OOOO COU 
Experiment II standards 
Short Tall 
No. of Ss No. of Ss’ Experimental 
Means succeeding Means succeeding groupa 
_ iment Ол Tm — 
Тай 7.30 28 4.03 15 25K 
5-00 28 2.30 4 25U 
6.30 23 3.87 12 <5, К 
6 80 26 3.83 12 <5, U 
Originals 
Short 5.17 19 6.80 24 25K 
4.90 17 6.33 21 >5, U 
4.97 12 6.37 25 <5, K 
4.60 12 6.10 21 <5,U 


| a ү LA 
+ No. of Ss who obtained 6 ог more CRs out of 9. 
No. of Ss who obtained 5 or more CRs out of 9. 


underfill it than if the standard is short. Thus, again there should be 
more errors on cases TT than would be expected from виран 
In the table as a whole. 

To test these predictions, the Ss were classified according to pe 
they succeeded or failed on the nine comparisons of each type er 
TS, TT. In Exp. I, the mean number of correct responses overall. (to 
nearest integer) was 6, so Ss were regarded as succeeding if they obtained 


324 GRAEME S. HALFORD 


six or more CRs for each type of comparison. In Exp. II, the ncan num- 
ber of correct responses overall (to nearest integer) was 5, о Ss were 
regarded as succeeding if they obtained five or more CRs fe each type 
of comparison. The number of Ss succeeding or failing in « ch type of 
comparison is given in Table 4. f 

The factor succeeding or failing may be called P. Acco ‘ing to the 
method described by Sutcliffe (1957), the three effects (a) to (c) above 
may be analysed by computing X? values as follows (a) The effect of O 
corresponds to interaction О X P; (b) the effect of factor $ orresponds: 
to interaction S X P; (е) the effect of O X 8 corresponds to interaction 
Oo SOS P: 

The X? values corresponding to each of these effects for cach experi- 
mental group in each experiment are shown in Table 5. In (cris of the 
above prediction О X S X P is the effect of interest. For every group in - 
both experiments, the X? is significant at the .02 level or better. (All 
X* except that for group CK in Exp. I are significant at .001 |. vel.) Thus, 
it may be concluded that errors tend to occur more frequen: v in SS or | 
TT comparisons than otherwise. Since the number of cases in : ich experi- 
mental group in each of the experiments is equal, the X? у: пе may be 
used as an index of the size of the effect. It is clear that i: xperiment 
one this bias is least for group CK, which gives the best . verall per- 
formance. It is greatest for group NU, which gives the рог vst overall 
performance, and it is intermediate for the other two gro ps. In the 


TABLE 5 
CHI-SQUARE VALUES ror Data IN TABLE 4 
(For explanation, see text) 


Chi-square O X 8x P 


Exp. II Exp. І 
>5 <5 C N 
K (Exp.) 22.99 14.27 5.86 20.34 
U (Contr.) 16.59 15.35 17.89 47.31 
Chi-square S x P 
>5 <5 G N 
K .714 -16 .026 .902 
U 12.38 .94 25.06 13.28 
Chi-square O X P 
25 «5 с N 
E 0 -16 -03 0 
U .408 .54 99 1.26 


^ The degrees of freedom are one in every case. 
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here are relatively small differences between the sizes 
mong the different groups. 


None of t! values corresponding to the effect of short vs. tall origi- 
nals approac -ienifieanee. In any ease, such an effect would have to be 
interpreted ect. to the specific containers used. Nevertheless the X* 
values for tho «lect of short vs. tall standards are of some interest in that 
only three «i significant (all at .001 level) and these are all for control 
groups. The iata from the main test indicates that different processes 
may be involved for the pre-school Ss, since the effects found in the 
other cases iot occur in their case. The same is true for this effect. 
The only nor-ignificant X? for а control group is for pre-school Ss. In all 
other cases effect is that tall standards produce more errors for con- 
trol Ss tha: short standards. 

At pre : can only be noted as a post hoc observation the signifi- 
cance of s purely suggestive. It does seem to imply, however, that 
the perio © of control Ss differ qualitatively from those of experi- 
mental 5 ıt in the саве of pre-school Ss. 

DISCUSSION 

The r of this experiment are entirely in accordance with the pre- 
diction + at the end of discussion of Exp. I. The F group Ss do per- 
form sign tly better in the K condition than in the U condition. This 
confirms i finding of Exp. I that nonconservation Ss may utilize a 
logical єтї! ^ion of quantity. However, P Ss actually perform better (but 
not significantly) in the U condition than in the K condition. Thus, the 
kind of effect sought in Exp. I has been obtained in this experiment, using 


Ss at an earlier stage of development. : 

Pre-school Ss do not utilize the logical criterion of quantity available 
to Ss in the K treatment groups. This implies that they have not begun 
to construct the logical multiplication of height and breadth of containers, 
shown in Table 1, and suggests that they cannot classify containers rela- 
tive to the identity container. 

It has been reported many times 
estimate the level which material would reach when poured into a second 
container which is (say) taller and narrower than the original. (Cohen, 
1967; Fraisse and Piaget, 1963, Piaget, 1952). These studies confirm this 
finding, even for pre-school Ss. The major difference between the present 
experiments and those mentioned above is in the provision which is made 
for a distinction between logical and intuitive judgments. For a logical 
judgment, any departure from perfect compensation of dimensions neces- 


sarily means inequality. If the identity container T holds the same ma- 


that even nonconservation Ss can 
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terial which was in the original container, then any container which is 
the same breadth as I but shorter (SI) or taller (TI) must be of different 
quantity from О, however small the departures are. All Ss in the over 
5-year groups have performed better where they were able to use the 
identity of О and I as a cue, whereas pre-school Ss did not. Since they 
recognize the utility of J as a standard, their judgments can be said to be 
more logical than judgments based on purely intuitive estimation. 

In a previous study (Halford, 1968), higher mean scores were obtained 
in the experimental condition than in the control condition for both con- 
servation and nonconservation Ss, but the effects were not significant. In 
the present study these differences clearly are significant for all but the 
pre-school Ss, Thus, the prediction made in the first study, and in the 
introduction to the present study, that only conservation Ss would show 
superior performance in the experimental condition is not confirmed, 
Thus, the crucial difference sought is found, not between conservation and 
nonconservation Ss, but between 5-year-old and pre-school Ss The pres-. 
ent study agrees with the earlier one (Halford, 1968) in showing that 
conservation Ss have superior scores to nonconservation Ss in both the 
experimental and control conditions. 

The association between utilization of a logical criterion о! quantity: 
and memory span is not signifieant in this experiment (p — .10). How- 
ever, the fact that the use of the logieal eriterion first appears at age 5 
suggests that a precondition may be a memory span of four items which 
is first attained on average at around 414 to 5 years, li general, 
MeLaughlin (1963) has postulated that the conceptual level which a S 
may reach depends on the memory span. 

These experiments were not primarily intended to investigate the 
acquisition of conservation of quantity. There is evidence that Ss change 
to conservation during the experiment, although there is no control for 
change due to extra-experimental influences during the same period. The 
period is, however, very short (about 3-4 weeks at most), so the sponta- _ 
neous rate of change would be expected to be very low. The findings are 
then consistent with the proposition that this procedure may be effective 
in inducing conservation of quantity. In this respect it should be noted 
that no attempt is made to teach Ss specifically that О and I are equal 

in quantity. If this procedure does result in conservation, it is apparently 
due to some sort of general restructuring, such as the construction (or 
completion) of a classificatory system. 

The number of CRs out of 36 obtained by all groups in both experi- 
ments are shown in Table 3 along with the ages of the groups, so that 
overall comparisons may be made. There is a continuous increase in per- 
formance from age 3-4 years to the conceptual stage at around 7 years. 
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The differct between experimental and control Ss widens steadily as 
age increas’~ This observation, combined with the observation that non- 
conservation Ss over 5 years can utilize a logical criterion of quantity, 
suggests thut the processes which lead to conservation develop gradually. 

These experiments have not shown that conservation is attained at an 
earlier age than Piaget’s tests would indicate. The demonstration that Ss 
utilize the logical eriterion of quantity which is available to them does 
not mean that they recognize the material in О and I to be necessarily 
the same in quantity, which is what is implied by conservation. 

The experiment supports the theory of Piaget insofar as it shows that 
there is а developmental trend from the use of a logical criteria of 
quantity (bv pre-school Ss) to the use of logical criteria (by Ss over 5 
years). Thus, it supports the view that conservation is based on a logical 
constructio: on the part of the child. It goes beyond Piaget’s work, how- 
ever, in that it indicates the possible origins of this construction in the 
preconserv:::ion child. 
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Neo-Piagetian Model! 
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A semantic-pragmatie model for problem-solving and symbolic !;-havior. 
is offered in which Piaget's cognitive-developmental variable is con ptual- 
ized as a quantitative construct, the central computing space М. 

A new sort of concept attainment or decoding-encoding exp imental 


paradigm based on the model is developed and an experiment on 5, 7-, and 
9-year-olds is reported, The experimental design includes three ‘actors: 
chronological age, mode of representation (verbal vs. gestural), and -. nantic- 
pragmatie task complexity (decoding vs. encoding). The Piagetiy:, predic- 
lions are upheld contradicting alternative predictions which foll + from 


Bruner’s model. 
Finally, the new model is applied to explaining the Piage: class- 


inclusion data and also the data of inferential behavior recently ro, -ted by 
Kendler and Kendler, 


This paper considers two different but related problems: tii pragmatic 
aspect of meaning and the relations between language skills | nd “intel- 
ligence” in Piaget’s sense (or information-processing capacity or media- 
tional power). These two problems will be discussed successivi |y, and in 
the course of this diseussion an experimental paradigm wil! be offered : 
and specific predictions made. The second part of the first section pre- _ 
sents a set of experiments which test the prediction. In the second and - 
last section this neo-Piagetian model is used to explain the develop- 
mental data on Inclusion of Classes and the data on inferential behavior 
recently reported by Kendler and Kendler (1967). 


Some Semantic-Pragmatic Concepts 


Pragmaties is that little-developed part of semiotics which is con- 
cerned with the study of the relations between symbols (in the general 
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sense) and users. Pragmatics deals with problems such as the 
following: son produces a sign; a person receives a sign; a person 
understands zn as it is understood by the one who sent it; a person 
acts as a coc- quence of receiving a sign (Apostel, 1967). Technical 
concepts re nt for studying these problems are: symbol, decoding, 
encoding, lv i, utterance, assertion, act, meaning (or “intension”), 
and object (^^ referent). Rigorous definitions for these concepts can be 
found scattcıııl in places such as Tolman (1932, 1959), Carnap (1956), 
Apostel, M Morf, and Piaget (1957), Piaget (1958), Osgood (e.g., 
1963), Reit: (1965). Apostel (1967) has explicitly stated what seems 
to be the bı -i of the logicians and/or psychologists mentioned above, 
that the s! of language is ultimately (but not exclusively) to be 
based in : nantie-pragmatie theory of (overt or covert) behavior. 
This view 'rasts with the position adopted by two extreme groups 
by psycho! ists: those among the psychologist followers of Chomsky 
who woul! to place syntax as the ultimate foundation of language 
and who x ing would place “а little linguist in every brain" (Osgood, 
1963, p. 7^' апа those among the followers of Hull and Skinner who, 
by over-si: ifying the psycholinguistie issues, ignore “all seven” of 


George A. Пег'в admonitions (Miller, 1965, р. 18). Using this general 


approach ihe frame of reference we turn now to the theoretical 
analysis o! our experimental situations. à 
In the c: jerimental paradigm presented below, two (or more) objects 


are displayed before the subject (S). The instructions differ according 
to the experimental condition. Under the “decoding” condition the 
experimenter (E) produces a symbol, verbal or gestural (eg. says “red” 
or makes gesture of writing) and S has to infer to which one of the two 
objects the symbol refers. Under the “encoding” condition S has to 
produce a symbol (verbal or gestural) which will indicate to E which 
one of the displayed objects he has in mind. In either case after having 
detected or produced the symbol S will point to the object: he considers 
to be referent. The analysis of these situations requires а definition of 
the concepts: “meaning,” “object or referent,” and “assertion.” 2 
Osgood defines meaning as “a bundle of simultaneous semantic 
features” (Osgood, 1963, p. 746). These semantic features or components 
have for Osgood the status of constructs and they seem to play in this 
regard a role similar to Piaget’s “scheme” construct.* The notion of 


"Piaget's French label schéme is usually translated into English as "schema" and 


less frequently as “scheme.” However, it is our opinion that the latter constitutes the 
only acceptable translation. The word “scheme” suggests a plan of action (internal- 
"s predicative psycho- 


ized or external) which is precisely the core meaning of Piaget 
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scheme is similar to the Tolmanian notions of means-end readiness or 
hypothesis (Restle, 1967). (The scheme concept however is more general 
because it applies equally well to perceptual, emotional, or suy other 
recurrent pattern of performance which is modificable through ex- 
perience.) Piaget et al. (e.g., Apostel et al., 1957, p. 50) explicitly define 
the meaning of a concrete object O; for a subject S in a given situation 
as the union or the intersection of all the schemes in his repertoire which 
(from S's point of view) can successfully assimilate O;. Piaget (1958; i 
Apostel et al., 1957) has carefully and explicitly defined in logical terms 
what he means by scheme and by assimilation. A scheme corresponds to 

a predicate function (i.e., a property or relation) which the S has stored 

in his repertoire and which is used by him for assimilating (i.e., inter- 
preting or categorizing semantically or pragmatically) the input. 

In sum, a scheme is in itself a token of the hypothetical! construct 
"meaning" and its activation can be represented as a predicate expres- 
sion such as ф(х) where x is an argument-variable standin» for the 
scheme’s referent. A scheme ¢ has in principle any degree of complexity, 
from a simple property such as “тей” to a complicated property list 
which is hierarchieally organized. According to Piaget's definition, any 
given meaningful object is a manifold category or a complex invariant 
defined by a cluster of schemes which are activated either at ‘he same 
time or in a lawful invariant relation. A category of objects can thus 
be represented as a compound-predicate expression such as ($10 ps0... 

0 $n 2, where the connective “о” stands for any sort of invariant relation. 
The meaning of any concrete object or referent (1.е., the psycho-logieal 
class to which it belongs) is therefore a partieularly complex seheme. 
When the input is assimilated (and hence an object O; is "pereeived") 
a "meaningful referent" О; has been assigned to the input. From Piaget/s 
point of view a compound-predicate function О; existing in the S’s reper- 
toire has been satisfied by the features in the total input (feedback 


functions or assimilatory schemes. The word “schema” in its modern usage suggests 
too strongly the idea of a template, a schematic form or an image. Following this 
distinction it is worth stressing with Piaget and Inhelder (1966, p. 431) that although 
schemas are nothing but figural-representational schemes, not all schemes are 
schemas. In fact, Piaget’s scheme concept although more general, shows a surprising 
resemblance to the concept of Operant as it is interpreted by some of Skinner’s recent 
followers (see Staddon, 1967). 

“The similarity between this psycho-logical construct of scheme and Carnap's 
concept of "intension" (Carnap, 1956, pp. 28, f.) is worth noting. Those familiar 
with Cassirer's important. contributions to the theory of knowledge will also recog- 
nize the striking similarity with Cassirer's notions of “concept” and of “object” 
(Cassirer, 1957, pp. 315, ff.). 


=) МВО, ENCODING AND DECODING BY CHILDREN 331 


included). Thi in object О; as a cognitive entity can be defined by 
the expression 
Q\(x), where Q; = $1040... 09, (1) 

An assertion is an explicit belief of a subject about a given state of 
affairs which i~ susceptible of being true or false. Carnap (1956, p. 249) 
suggests tha! “лп assertion" is a construct inferable from the S's be- 
havior. In fact an ertion does not need to be communicated by a 
piece of verbs! behavior. All sentences are evidently assertions but, as 
Osgood (1963) notes, not all assertions are sentences: Assertions can be 
perceptual (ov representational) as well as verbal; “The sight of TOM 
DIPPING 1115 HAND IN THE TILL (stealing) is just as much an 
assertion as (1. sentence Tom is a thief" (Osgood, 1963, р. 747). 

In the cori st of the present situations: When S, after having heard 
the instructio~. hears the utterance “red,” notices that one of the per- 
ceived object», ‘or example, фу, satisfies the perceptual property red, and 
points to it, has made an assertion equivalent to the sentence “The 


object that / has in mind is Qi” 

It is trivially true that the activation of any scheme generates an 
assertion in the S. However it is not so trivial to observe that not all 
assertions are schemes available in the S's repertoire. Just as the S can 
generate novel sentences, he can generate novel perceptual or cognitive 
assertions by composing schemes or cognitions within his repertoire. The 
processor or hypothetical construct (let us call it M) responsible for 
this productivity has been called an “Integrator Mechanism” (Maier, 
1960), a finite “Central Computing Space” (Miller and Chomsky, 1963), 
а “Cognitive Mixer" (Osgood, 1963), a “Comprehension Operator 
(Reitman, 1965), ete. Piaget calls it “Centration Mechanism” and/or 
"Field of Equilibrium” (Piaget, 1956). At any rate, the function of this 
central computing space is to “compose” or “mix” semantically (i.e., to 
Coordinate or to integrate) a number of different schemes. It operates 
like a function of functions: M (фу, $2, фа, - - J- Я 

Two remarks are in order with respect to this central computing space 
or M operator: (a) Despite the widely held belief about verbal medi- 


mes (ie, complex meanings) 
(or concept) has a meaning 
pose any problem for the 


"Notice that not all the compound-predicate sche 
е тке (i.e., an object). A well-formed sentence 

en if it is false (ie. has no referent). This does no 
Present formulation because the nature of the input is left undefined. False concepts 
ie empty classes) may be functional invariants constructed by S in connection 
With the input constituted by free thought and/or by linguistic ор SE 

‘Following Carnap’s (1956) similar procedure the symbol 9% is use dd 
j present both a compound-predicate function (or object-scheme) and its corresp 
Mg class (or any recognized member of it). 
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ation it does not make sense to say that M is verbal or i ^ zuistie: М 
belongs to a higher logical type than its linguistic produci. in addi 
it operates equally well in nonlinguistie context. (b) Consider 
evidence suggests that the power of M (maximum пип!» of schem 
included) increases with age. The hypothesis that the pow: value oi 
defines the different developmental stages of Piaget has in faet be 
put forward and successfully tested by the senior author (Pa 
Leone, 1968). 
This introduces our second problem. 


The Relations between Linguistic Skills and 
"Intelligence" or Information-Processing Capac’! 


Since we are identifying the construct "intelligence" wii!) the si 


the central computing space or M operator our position v i) reg 
this issue should be clear already. This is, however, a controversial 
There are many investigators in cognitive development \.g., К 


1966; Bruner, Olver, and Greenfield, 1966; ete.) who seem imply 
the S's ability to think (i.e., his ability to produce compl »ovel as 
tions of any sort) is contingent upon his linguistic develop it. Inhi 
and Piaget (see Inhelder and Piaget, 1964) and the present © riters 
suggest the contrary: that linguistic competence is a o- -equence í 
thought as defined above. Our decoding (D) and encodin. (Е) exp 
mental situations were designed to test these two position. by means 
the following derivations. Consider two types of task 1) and E 
that the semantic complexity of the assertion required for -ucceed! 
(i.e., the M operator “demand” of D) is, according to Piaget’s t 
accessible to 5-year-olds, while that for E is accessible only io 7-yea 
or older children. Now consider (following Bruner et al., 1966) 
"systems" or "modes of representation," such as the “enactive” 
gestural (G) mode and the “symbolic” or verbal (V) mode; the m 
G is supposed to have been thoroughly mastered by 5-year-olds 
the mode V is not mastered until 7 or 8 years. If Ss from different 
groups are tested under each of the four experimental conditions (i.e. 
DV, EG, and EV) the Piagetian predictions should be that the vari: 
“logical structure of the task" (ie, D or E) and “chronological 
will interact independently of the *mode of representation"; f 
more, the Piagetian logical analysis should be able to predict the а 
success for all four conditions. However, if Bruner's model is co 
the interaction will oceur between "mode of representation" 
"chronological age"; ie. the logical analysis will be contradicted. _ 
This paradigm seems to offer a critical test for the two posi 
That is to say: If language is defined in its strict sense which is 
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by any dict wry (ie., the words, their pronounciation, and the methods 
for combini: . 'hem used and understood by a considerable community), 
then langu is different from logie and the paradigm proposed may 
help to de: between the Piagetian and the non-Piagetian interpreta- 
tions. At t ame time this paradigm offers a new minimally verbal 
context wh Piaget’s concept of “mental structures” can be tested. 

The DV ~)\ ation was described above as an illustration of a cogni- 
tive-perce})iii| assertion. A logical task analysis can give an estimate 
of the sem: ie complexity of this assertion: The subject must remem- 
ber the instructions (call them ¢,); he must have explored visually the 
sümulus-di-;;:y S constituted by objects О, and O, (call the corre- 
sponding 1» eptual-cognitive scheme ф„); he must have heard the 
utterance which stands as a name for the scheme (or concept) $. 

If S ean rdinate all this information by means of his M operator, 
ie, M($;, ui), then the Cognitive Mixer of Osgood (1963) will 
operate ge: ting the conclusion that $; belongs to the object-class or 
set Q, whic’ in its turn will lead to the S pointing to the corresponding 
concrete ob ^t O,. A similar analysis can be done for the situation DG 
with the di тепсе that now the “utterance” will be a gesture which 
must be ici: ified by S with an action applicable to 2,. In summary, the 
two decodi: conditions can be semantic-pragmatically defined by the 
assertion: 

M ($r, $u иф) > p (2) 


where the second term рО, of the Cognitive-Mixer rewriting rule stands 
for the purpose of denoting object О, (i.e, the distal object 01). 

With regard to the encoding conditions a different functional structure 
appears. Now S is given the instruetions I (which become фу after being 
decoded by S) and shown the stimulus-display S (ie, ф from S's 
Viewpoint); this time, however, the cue иф; is not available but has to 

e discovered (or constructed) by S using the objects О, and 9». A cue 
Udi indicating unambiguously one of the objects must be such that the 
Property 9; designated by it is included in 0), (ie, pi C Qi) but at is not 
Included in o, (ie, ¢ Z 2). 3 

In order to satisfy these two constraints any effective procedure will 
have to use the strategy of looking at the objects as if they were sets 
of specific properties (e.g, red, wooden, used-for-writing, ete.) which 
intersect (Figure 1). Granting that for the S any object is a compound- 
functional invariant of the type described in Formula 1, this strategy 
does not seem too far-fetched. 

The S will have to classify these properties as belonging to the hatched 
area of Figure 1 ( i.e., symmetric difference in set terminology) or to the 
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Fic. 1. Venn diagram of the relation between the property-scis which | 
the two objects Q, and О» for the S. 


erties which belong to one of the objects but not to both (i.e., 
metrie difference) will satisfy the constraints. 

In Piaget’s terminology this classificatory activity is the lo 
Grouping VI of symmetrical relations (Flavell, 1963, p. 182). 
precisely our example corresponds to the form of symmetrical 
which Piaget calls altérités positives (Piaget, 1949, p. 150, Def. 
The interpretation of this grouping in the context of our «xperin ] 
better understood by referring to Figure 2. In this figure the 
diagram does not represent sets of specific properties s- in Fi 
but classes (or sets) of objects. There is a general class J} defin 
а general property or relevant dimension ¥; such as (c.p.) color. 
general class includes both a subordinate class A defined by ag 


Fic. 2. Venn representation of a general class B of objects which includ 
complementary classes: the class of objects A (z stands for one of these ol 
and the class A' (ie., the class of objects such as y which are B and non-A, 
type of symmetric relation existing between objects z and y (ie. sharing the ва 
general property or dimension, but having a different specifie property ОГ 
is called by Piaget an altérité positive. 
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property ¢, -uch as red and a complementary class A’ defined by the 
specific property $^; (e.g., color-other-than-red). The variables x and y 
of Figure 2 : «present any two objects satisfying, respectively, the specific 
properties ф and $^; (i.e., z and y belong to the corresponding classes). 
These two objects z and y maintain with each other the symmetric 
relation delinod by these two conditions: not sharing the same specific 
property ai! sharing the nearest general property (i.e., v;). In Piaget’s 
language this symmetric relation is an altérité positive. It can be verified 
that our S's task can be reformulated à la Piaget in the following way: 
to find a раг of specific properties $; and ¢’; such that the objects О, 
and Q, can satisfy (i.e., logically replace) the variables x and y in Figure 
2. This is obviously one of the psychological jobs of Grouping VI. Inci- 
dentally, exerts in Piagetian logie will have noticed that the diagram 


of Figure in also be interpreted by means of Piaget’s Logic of Clas- 
ses as Grouping I of addition of classes. This is the better studied of 
Piaget’s Groupings and constitutes the rationale for his well-known 
task called -Inclusion of Classes.” This alternative interpretation of our 
task is important for the present predictions as will be noted below. 
Inhelder anı! Piaget (1959) have shown that this type of operations (i.e., 
M operations) is acquired during the concrete-operations period at 7-8 
years of acı and is well established at 9-10 years of age. If our analysis 


is correct the developmental comparison between decoding and encoding 
conditions offers a novel opportunity for testing Piaget’s theory experi- 
mentally. This is our Hypothesis No. 1: Independently of the type of 
Cue used (verbal or gesture) the decoding conditions will be sùcceeded 
by 5- and 6-year-olds as well as by younger children (8- and 4-year- 
0145). However, the encoding condition will not be completely solved 
until 7-8 and not completely mastered until 9-10. } 

А finer analysis of the encoding condition is possible by comparing the 
verbal vs. the gesture-cue responses. Under the gesture-encoding condi- 
tion the child has to generate an appropriate gesture of an action which 
will suit 0, but not Q,. Notice that for this purpose any physical feature 
of О, and Q, is relevant because the actions applying upon any object 
аге cued by the object as a whole. That is, the visual display constitutes 
а thoroughly “facilitating situation" in the sense that no irrelevant eue 
18 provided (see Pascual-Leone and Bovet, 1966). Under these favorable 
circumstances the task can be solved without considering the general 
Property ¥;. The findings of Inhelder and Piaget (1964) suggest that 
the ability to solve problems dealing exclusively with two different 
Properties such as à; and ¢’; appears at 5-6 years. A more conclusive 
related result is offered by Kohnstamm (1963; 1967) who, using inge- 
nious learning procedures, succeeded in transforming an Inclusion of 


336 PASCUAL-LEONE AND SMITH 
М. 


Classes task into a “facilitating situation” by way of exti' wishing all 
the irrelevant misleading schemes. He found that under tho conditions 
5- and 6-year-olds can solve the task perfectly. Although ‘ohnstamm 
does not offer any logical interpretation of his data it ap; ars from a _ 
semantic-pragmatic analysis that, under these facilitatin. conditions, 
the Inclusion of Classes is degraded into a task in which only (wo class 
B and A (but not A’) need to be considered. That is, aguin only two _ 
different predicate functions (i.e., properties) are used. The logical ~ 
analysis of the class-inclusion task and of Kohnstamm’s :nodifieatioi 
will be summarized in the last section of this paper. Now it will suffi 
to state that our encoding gesture condition can be assimilated, from a 
semantic-pragmatic point of view, to a facilitating-situa(ion task of. 
similar complexity. Here then is the Second Hypothesis: E 

With regard to the encoding procedure the gesture cond tion will be 
solved the first time at 5-6 years and thoroughly mastered «: 9-10 уе 
Using the M operator construct the assertion corresponding to 
decoding-gesture is: 


M(ór, Ф, pi C О, Ф: C 9) > рф; 


where рф; stands for the purpose of producing the symbol ı vresponding 
to $i. It should be noted that the expression gi C 9, (i.e. “the specifi 
property complementary of ¢; is included in the proper --set 022)! 
logically equivalent i in our situation to the expression ¢; R , (ie, Ф 
not included іп 22”) which was used above for representii the secon 
constraint. 
A semantic-pragmatic analysis of the verbal encoding condit 
supports the previous conclusions. In order to find an appropriate ver! 
cue S has to find a perceptual cue іп О, (or Q) which can be labe 
and which satisfies the two constraints $; C Q, and ¢; 7 9. But 
viously there are many other perceptual cues in О, perhaps more 8 
which do not satisfy the constraints; these other perceptual cues beco 
therefore distracting or even misleading. If the S is to have a chan 
succeed he must have (while turning his attention from О, to 0) 
"searching image" (cf. Hinde, 1966, p. 89) or covert representat 
response for the general property he is "testing" (e.g., a representa 
for “color” when he is testing the hypothesis red"). Thus, the assel 
corresponding to the EV condition has to include the S's represen 
of the general property as a necessary and separate information 
the representation, ¥;) : 1 


М (фі, Ps, Ф: C 9, o'i C 9, Vi) > pd; 
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Notice that complexity of content inside the parenthesis of the М 
operator inc: s steadily and regularly from Formula 2 to Formula 4. 
Elsewhere senior author (Paseual-Leone, 1968) has shown by 
means of 4 ntitative stochastic model that M formulas of the com- 
plexity of Fo mula 3 are accessible to the central computing space of 
5- and 6-ycsi-olds and formulas of the type of Formula 4 are accessible 
to 7- and &- ıı ar-olds but not to younger children. This is our Third 
Hypothesis. |: seems therefore that Piaget’s model and the present 
semantic-p1 atie model agree with regard to these data. 
METHOD 
As menti od above the experimental conditions were Decoding 
Verbal (D Decoding Gesture (DG), Encoding Verbal (EV), and 
Encoding í пе (EG). For each one of these conditions the testing 
(T) perio! 1+ preceeded by a training (t) period where S became 
acquainted h the task. All Ss passed individually through all four 
conditions, ording to either one of two randomly assigned orders of 
TABLE 1 
EX IMENTAL MATERIAL: DECODING VERBAL CONDITION: DV 
Matched Nonmatched 
Ttem Objects Cue dimension dimensions 
1. Red block Wood Color Size, material, use 
Red knife di Р 
2. Plastic knife Silver Use Color, size, jinaterial 
Steel knife ET 
3. Glass bowl Roll Material Size, use, color 
Marble E 
4. Needle Orange Size Color, material, use 
Toothpick (color of 
toothpick) 
5. Hammer Hit Size, material Use, color 
Ruler А 
6. — Plastic cup China Use, size Color, material 
China сир 14 
i erga on Use, material Color, size 
tumbler 
Small plastic 
tumbler 5 
8. Pink plastic Long Color, material Size, use 
ice tray 
Pink plastic 
knife 


-me one —— ——— 
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presentation: No. 1: tDV, TDV, tDG, TDG, ЕУ, TEV, (Ес; TEG; 
2: tDG, TDG, tDV, TDV, tEG, ТЕС, tEV, TEV. 

Thus, the Decoding series always preceded the Encodin ones, ' 
rationale behind this fixed order is to ensure that when ‘he eriti 
encoding conditions come the Ss have had full opportunity to: (a) dei 
onstrate their linguistic competence by means of the decoding activi 
(b) learn through imitation (or “vicarious learning") the sort of o 
responses which will be required from them during the encoding peri 
Such a procedure, which obviously favors the null hypotheses, shoul 
rule out the interpretations of “lack of linguistic ability” or failure 
"understand" the task which are often produced as objections to 
Piagetian data. 

An effort was made to select everyday objects familiar io any yo 
child for each one of the four conditions. In each case a (otal of. 
different items were used, four during the (non-scorable) training pe 
and eight during the testing period. A complete list of tho items us 
for testing in each condition appears in Tables 1, 2, and 3. Items im 
Gesture series were randomly paired while items in the Verbal se 
were intentionally matched in one (or two) specified dii nsions 
intentionally nonmatehed in three (or two) specified dime sions, 
the present experiments only the nonmatched dimensions «re rele 


this procedure introduces a redundancy factor in the verba! <cries whic 
should facilitate the successful performance of EV condition. This d sign ' 
which favors again the null hypotheses would further guarantee the 
strength of our test should the experimental hypotheses be upheld. | 
four dimensions used for this purpose (i.e., size, color, material, and | 


were counter-balanced with regard to their role as matched or | 
matched dimension. Table 1 presents also the cues used by the decodi 
conditions. 


TABLE 2 
EXPERIMENTAL MATERIAL: DECODING GESTURE Conpirion: DG 


Item Objects Cue Item Objects Cue _ 
in Chocolate Eat 5. String Tie bow 
Eraser Elastic band 
2. Shoe Step in shoe 6. Egg cup Sprinkle 
Sock Salt shaker 
3. Brush Dry hands (E Face cloth Put on 
Paper towel Spectacles spectacs 
4. Needle Cut 8. Jar Unscrew 


Seissors Match box 
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TABLE 3 
I-XPERIMENTAL MATERIAL: ENCODING CONDITIONS 
Encoding Verbal: EV Encoding Gesture: EG 
Matched Nonmatched 
Item Objects dimensions dimensions Item Objects 
1B Soch Color Size, use, 1. Apple 
Soap material Ball 
2: Pla spoon Use Color, size, 2: Glove 
Steel spoon material Hat 
3. Paper bag Material Size, use, 3. Bracelet, 
Writing paper color Lifesaver 
4. Peu Size Color, use, 4. Comb 
Foi material Toothbrush 
5, Napkin Material, Color, use 5. Orange 
Kleenex size Sugar cube 
6. Silver fork Use, size Color, 6. Candle 
Plast fork material Stick 
A Lons red pencil Use, Size, color 7. Jug 
Shor: blue pencil material Flashlight 


Color, Use, size 8. Lollipop 


material Barley sugar 


Subjects: 


Group 5 (ie, the 5-year-old group) consisted of 24 kindergarten 
children, 15 of whom were boys. The mean age of the group was 5.11 
years with SD of 3.5 months and a range of 5;6-6;6. Group 7 was 
formed by 24 second graders (13 boys) with a mean age of 7.11 years 
(SD, 3.3 months) and a range of 6;6-7;6. Finally, Group 9 consti- 
tuted by 12 fourth graders (6 boys) haying a mean age of 9.10 years, 
with a SD of 2.97 months and a range of 9;6-10;6. 

Given the nature of the experimental hypotheses an effort was made 
to ensure that the children’s intellectual performance was representa- 
tive of their age. For that purpose a pool of 30 Group-5 children were 
Pretested (in groups of four) with the Harris-Goodenough Figure 
Drawing Test (see Harris, 1963). The selected sample had a Harris- 
Goodenough mean IQ of 117 with a SD of 937 (range: 96-141). As 
Group 7 was the critical one from the point of view of Piaget’s Theory the 


"Prior to the experiments reported here a pilot study was conducted with ten 
-year-olds and ten 9-year-olds. The sample characteristics and the testing procedure 
were similar to the ones reported below. As these highly significant experimental 
Tesults have been replicated by the larger study reported here, the pilot study will 
hot be reported. i 
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children were pretested with group versions of Piaget’s Co: .rvation 
Horizontality or Water Level task (cf. Piaget and Inhelder, | /56, p. 
and with an “Abelson Figures" (i.e., overlapping figures) | st inspi 
by Piaget’s “Intersection of Classes" task (Inhelder and Pi... t, 1964, 
176). Both group tests have been developed by the senior author in 
series of unpublished studies. The reliability of the Water Levi] group 
was for the present sample, r = .67 (N = 24; odd-even split -ialf Pears 
correlation coefficient). The reliability of Abelson Figures «\ministe 
as a group test was r = .89 (N = 24) for the present samplo. Construct 
validity of the Water Level individual test has been demonstrated 
the senior author in two unpublished factor-analytical si\dies ini 
relating different Piagetian tasks. The 24 children presenting the high 
score of the total pool for both tasks were selected for study. Т 
performance of these children on the Water Level task wa congrue 
with the structural norms offered by Piaget and others as characteristic 
of their age groups. Children of Group 9 were selected by «cans of 
Henmon-Nelson test of mental ability (Lamke and Nelso» 1957). 1 
sample chosen showed an IQ average of 118.6 with an SD oi 10.61. 

All Ss come from the same school in a middle-class neis! | orhood 
belong to English-speaking homes, ; 


Procedure 


Decoding. The task was introduced as follows (training) Таш go 
to think of one of these two objects and I want you to gi <s which 
I am thinking of. As a help I will give you a clue, this «lue will 
word (or a movement). You can guess from my word (or my mo 
ment) which I am thinking of.” An illustrative example followed wl 
differed according to the condition. This is an example for the ve 
cue items: “Here are two balls of string. This one is tall and green. 
one is short and white. If I say tall which one am I thinking of?” Thi 
other example corresponds to the gesture-cue items: “With this one 
might pretend I was painting and make a movement like this (gestu 
with this one I might pretend I was drawing a line and make à m 
ment like this (gesture). If I do this (gesture) which am I thinking of? 
For each one of the four training items the same procedure was fol 
When the child failed to produce the right answer in any one of t] 
four items new explanations and representations of the same item W 
offered until all four training items were passed. 

During testing E merely presented the items and said: “If I 
(or “If I make a movement like this ”) which 
thinking of?” 

Encoding. The training items were introduced as follows: ‘ 
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want you ti nk of one of these two objects and give me a word (or 
"make a m: ;ent") so that I сап guess which you are thinking of." 
If § did not duce a cue the differential perceptual or gestural proper- 
ties of the ovis were drawn to the S's attention and a training routine 
similar to tl: one outlined above was started. As before, testing period 
was not intr iuced until S succeeded the four training items. The name 
of the objec- was not accepted as an adequate word-cue. The testing 
items follow.) introduced by E's statement: “Think of one of these 
objects and 1 e me a word (or “make a movement”) so that I will know 
which you «ro thinking of.” In order to further ensure that the S's 
failures in 1V condition were not due to a lack of attention to the 
objects E ited out to S his mistakes and he was encouraged to 
produce noo ^esponses to the item until he succeeded or until he had 
had three |; =. On the first item E went as far as to provide S with a 
suitable cu: -hould he be unable to form one for himself. However, 
only the fir spontaneous response produced by $ to each item has been 
considered | ihe scoring. The scoring procedure was the same for each 
one of the r experimental conditions; one point was given to the S 
for every оп. of the eight testing items successfully passed. 


RESULTS AND DISCUSSION 


As sex dillerenees and differences in order of presentation were neg- 
ligible these two factors have been disregarded in the analysis that 
follows, 

Table 4 presents the main descriptive statistics: The mean score for 
each age-group and the corresponding SD together with the proportion 
of correct responses over the whole response pool. Figure 3 illustrates 


TABLE 4 
MEAN anv SD оғ Group Scores AND PROPORTION or CORRECT RESPONSES 


Experimental conditions 


DG DV EG BV 
Group Mean SD Mean SD Mean SD Меш SD 
year-olds 7.370 907 7.540 .770 6.870 1.48 — 5. 20 2.040 
(.922) (.901) (.859) mus ни 
Tyearolds 7.650  .564 7.670 .552 720 .912 vu } 
Б .901) 3 
pei ers j .553 7.500 .764 


S-year-old: 5 7.830 
ds — 7.060  .471 7.580 .759 (у) 
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AGE GROUPS 
Fic. 3. Decoding (D) and encoding (E) abilities as a function f age and © 
"mode of representation": verbal (V) or gesture (G). For all condi ns, the таз 


mum score possible is 8: the score of 5.2 could be obtained (in |) by chan 


graphically the mean performance of each age-group ior the f 
conditions. 1 
It appears that, in conformity with Hypothesis No. 1, the decodir 
conditions were perfectly mastered by all three groups; according 
the Mann-Whitney U test, the differences of performance across grou 
are not statistically significant. With regard to the encoding series 
for the condition EG the difference between Groups 5 and 7 is n 
significant (Mann-Whitney U test, z = .699) but there are 1 
significant differenees between Group 5 and Group 9 (Mann-Whitni ne 
z = 2.776, p < .002) and between Groups 7 and 9 (Mann-Whit 
z = 2.557, р < .005. These tests and the ones that follow аге one tail 
Even clearer differences are found for the EV condition for which 
comparison of Group 5 vs. Group 7 shows significance of p < .005 ( 
Whitney, 2 = 2.567) and of Group 5 vs. Group 9, which shows signifie 
of p < 0001 (Mann-Whitney, г = 3.642). The comparison bet 
Groups 7 and 9 is also highly significant. (Mann-Whitney, 2 — 


= 
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р < 003). | cse results are in strong agreement with our Hypotheses 
Nos. 2 and rom which it follows that no difference between Groups 5 
and 7 show: be found for the EG condition but a significant difference 
should exi~ between these two groups for the EV condition. 

A differ’ ~et of predictions ean be made from our hypotheses and, in 
general, fron Piaget's concept of a eonerete-operational stage of cog- 
nitive development. These predictions have to do with the within-group 
differences cross conditions. They are two in number: (a) As according 
to Piaget sid to our model the classificatory activity required by the 
tasks is thoroughly mastered by 9- and 10-year-olds, no difference 
should he jound between decoding and encoding ability for this age 
group. (bı Vs 5- and 6-year-olds are expected to succeed the decoding 
and the s тиге encoding conditions while the verbal encoding is only 
expected iı be handled by 7- and 8-year-olds, a significant difference 
between Ii and EV is predicted to occur in Group 5 but no significant 
difference i- expected in Group 7. 

The ov ll analysis of within-group differences was done by means 
of the Frivjinan two-way analysis of variance by ranks. As predicted 
no signifi ut difference across the four experimental conditions was 


found for Group 9 (x, = 1.125, df:3, пз.) and highly significant 
differences were found for Group 7 (x, = 14.562, df:3, p < 01) and 
for Group > (xë, = 26.087, df:3, р.< .001). ы 

Wilcoxon matehed-pairs signed-Fanks test was used to make the 
between-conditions comparisons for Groups 5 and 7. With regard to 
Group 5 no significant difference exists between DV, DG, and/or EG; 
however, д highly significant difference appears between any one of 
these conditions and EV (eg, EG vs. EV, Wilcoxon, T = 37.5, р < 
005). With respect to Group 7 no significant differences are found be- 
tween DV, DG, and/or EG as well as between EG and EV; however, 
^ highly significant. difference exists between the decoding conditions 
and EV (Wilcoxon, T = 20, р < .005). The results are thus in agree- 
ment with predictions (a) and (b). 

The reader will have observed that these main results have been 
directly analyzed in terms of specific effects without considering the 
main effects and interactions. This is because the semantic-pragmatie 
analysis was able to predict directly ordinal relations at the level of 
Specific effects and therefore lends itself particularly well to a non- 
Parametric analysis. However, it could be claimed that the general 
hypothesis stated above in the Introduetion was formulated in terms of 
interactions. Indeed, the Piagetian models predict that the variables 
"logical structure of the task” (ie. decoding or encoding; call it L) 
and “chronological age” (i.e., A) will interact independently of the 
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“mode of representation" (i.e., R). They also predict that ihe AR and 
the ARL interactions will not occur while the LR will. Т! 
from a developmental viewpoint and according to the Pia: an models 


the variable R is just an “apparent” variable which, as : own above, 
can be reinterpreted in terms of the “real” variable logica! complexity. 

Bruner’s model, on the other hand, should predict that “lt and ARL 
will interact as it considers the mode of representation io be a “real” 


developmental variable. 


TABLE 5 
ANALYSIS OF VARIANCE WITH REPEATED MEASURE: 
Source of Variation df MS F 
Between Ss 
SS, 27.8067 2 13.9033 8.917* 
SSays 88.906 57 1.559 
Within Ss 
SSL 45.938 11 45.938 1.042* 
ӨЗА, 16.525 2 8.262 ).18* 
SSrga 51.323 57 .900 
SSn 13.538 l 13.538 0.57* 
SSar 2.634 2 1.317 1.611 
SSns 46.616 57 .817 
SStr 18.706 1 18.706 15.87* 
SSarr 7.054 2 3.527 2.141 
SSrns;A 67.416 57 1.18 
* Statistical significance beyond р < .001. 
Although the result of these interactions ean be logically inferred 


from the analysis presented above it seems appropriate to test their 
existence directly. To that end an analysis of variance for three-factor 
experiments with repeated measures was conducted: L (decoding vs. 
encoding), A (5-, 7-, or 9-year-olds) and R (verbal vs. gesture). The 
corresponding results are summarized in Table 5. As can be observed, 
all the predictions laid out above are strongly supported by the data. 


Some Secondary Supportive Results 


Only one aspect not discussed deserves comment. This is the fairly 
high proportion of correct responses (ї.е., .62, Table 4) produced by the 
5-year-olds vis-d-vis the EV condition. As the model predicts that 
such a task will be too difficult for these children (see Hypothesis No. 
3), the high proportion of successes remains to be explained lest it 7$ 
taken as evidence against the model. 

Three different empirical arguments can be advanced in favor of the 
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interpretatio; ‘hat this proportion of successes does not contradict 
Hypothesis 3. These three arguments are presented successively: 

(1) An esi. ate can easily be made of the probability of obtaining by 
chance a cor" ci response to the EV condition. It is given by computing 
in Table 3 (o. or the total of eight items) the proportion of nonmatched 
dimensions «uong the total number of matched or nonmatched dimen- 
sions. This proportion is .62, exactly the proportion of correct responses 
produced by 5-year-olds. Thus, according to a chance estimate, the 
eorreet-responding behavior of 5-year-olds is random. 

This chance estimate is probably accurate because information ob- 
tained in a pilot study with regard to the relative salience of the different 
dimensions :s used in selecting the item of the present study. The 
frequency with which a dimension appears as a nonmatched (or rele- 
vant) one i: roughly proportional to its empirically found salience for 
5-year-olds. Therefore the chance estimate is a conservative one. 

(2) A «vent approach can be taken to demonstrate the non- 
inferential wacter of the 5-year-olds’ behavior. This is the study 
of the ра! з of performance, or error-factors (see Tolman, 1959; 
Harlow, 19 Restle, 1967) exhibited by the Ss in their responses to 
the eight 1) items. Most important in this regard is the existence of 

- “response-sci-" in connection with the type of dimension (or general 
property) cployed by the S in his different answers (e.g. if S utters 
"red" his (dimension is “color,” if he utters “eating” it will be “иве”). 
A measure of the response-set factor can be obtained by assigning to 
each S as а score value the number of utterances corresponding to the 
dimension he has used more frequently. This procedure generates a 7- 


point scale (ic., from two to eight items). Ў s 

The psychological interpretation of the response-set strategy is clear: 

У а simple recency effect the probability of responding to the same 
dimension should increase as a function of repetitions. That is, if no 
Mediational processes” or M- -operated decentering activity occurs, the 
Swill tend to fall into a response-set. 

Table 3 shows that by merely using the response-set strategy а 8 
could (in the case of color which is the most salient dimension) obtain 
аз many as six correct answers. If our analysis is appropriate we should 
Predict that a good number of correct responses obtained by 5-year-olds 
ate generated by the nonmediated response-set strategy but that this 
Will not be the case for older children. It follows that a significant 
Positive correlation should be found between the number of correct 
Tesponses and the response-set measure for 5-year-olds but no such 
Correlation should exist for older Ss. The Kendall Tau rank-order 
Correlations computed on these data show for 5-year-olds a significant 
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result (r = .292, № = 22; р < .03);3 however, the same correla 
computed for Groups 7 and 9 are not significant (т = — 09 and т 
—.02). 

(3) If as suggested above the behavior of Group 5 is random d 
bias introduced by the response-set tendency it should be «xpected the 
the distribution be unimodal and that it presents a very large vari 
This follows because we are expecting to find a response-set 
applying over a Bernoulli distribution. Although mainly in reasing 
number of successes the bias could also increase the number of fai 
due to the response-sets in the matched dimensions. As Table 4 
(EV condition) the SD of 5-year-olds is 2.04 while for 7- and 9-y 
olds it is .957 and .764, respectively. f 


GENERAL THEORETICAL DISCUSSION AND CONCLU=IONS 


The network of qualitative predictions drawn from the 1nco-Pia 
model has been upheld by the data. 7 Ч 
Another compelling argument in favor of this model co: | have 


made had we chosen to formulate the predictions quai’ ative) 
means of probability theory. The M-operator model was ev) veived 
this view in mind and the senior author has shown elsewl (Ра 
Leone, 1968) how these quantitative derivations ean be node. 

we shall try to show now (remaining within the limits | sem 
pragmatic analysis) the generality of our model. This doo- not mi 
be done in the domain of psycholinguisties since the work o? Mill 
Chomsky (1963) among others has already shown that tho notion í 


central computing space M, equivalent to our construct. is nee 
for understanding the linguistic performance of a language user. 
It would be more relevant to outline how the present spproaci 
explain piagetian data (e.g, the class inclusion task) or some C 
behavioristic developmental findings such as the ones reporte 
Kendler and Kendler (1967). These two issues will be discuss 
cessively. 1 


The Inclusion of Classes Task 


The class inclusion problem ean be operationalized in different 
The most difficult form and also the better studied is called by Pi 
“Quantification of Inclusion.” (For a summary review of some 0 
literature see Kohnstamm, 1967 ; also Wohlwill, 1968.) The k 


‘Two children were eliminated because, despite the instruction and the tt 
procedure, they answered every EV item with either the name of an objec 
a gesture. The name and/or a gesture are neither correct responses nor ac 
dimensions. 
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structure о 1 task ean be described by means of Figure 2. In this 
figure the va) cles т and y refer to two “individuals” (say a bird and 
a dog) whic belong respectively to the classes А (e.g. Birds) and 
A’ (eg. Aniuals-non-birds). Obviously the union of А and A’ is the 
general eli-- \nimals (i.e, B). The (quantification of) class inclusion 
task consists in presenting to S a number of instances of X, say 2, т», 

. Tn, together with instances of Y (ie, yi Ys, - . - ys, Where n > 
m) and thes asking the standard question: “Are there more В or more 
A?” (eg, “Are there more animals or more birds?”). The two sets of 
items X and Y can be presented pictorially or verbally; their number 
сап be the ~une (Le, n = m) or different. (ie, n > m); their composi- 
tion ean be Lomogeneous (e.g., X = four sparrows; Y = four dogs) or 
heterogeneos- (eg, X = four birds of different types; Y = four differ- 
ent anima 'on-birds); some other set Z of extraneous elements zi, 
#2, ۰... , Cun he added to the display (e.g., a telephone, a tree, . . . to- 
gether wit!) -ots X and Y). All these variations, although in a reliable 
way chans» the performance level of Ss, alter neither the basic 
developme: difficulty of the task nor the error patterns in the S's 
responses. 

An examination of these error patterns shows that those children 


(and some adults!) who fail the task, typically decode the question 
“Are there more В or more А?” as meaning “Are there more A or more 
А?” "Thus, when the perceptual display shows that the set X is larger 
than set Y (i.e, n > т), Ss will assert that “there are more A” and 
justify their assertion by referring to m and n. Similarly in experiments 
Where the number of elements in X has been made equal to the corre- 
sponding number in У (i.e., n = т), the Ss assert the equality of E and 
В and justify as above. Paseual-Leone and Bovet (1966) have pointed 
out that this behavioral pattern suggests the existence in the Ss’ reper- 
toire of a misleading semantic scheme (ie. a cognitive error-factor 
or semantic habit). This semantic scheme was defined by them as а 
bias towards interpreting the two nouns (or arguments) mentioned in the 
question (i.e., В and A) as referring to the two distinct collections of 
objects available in the visual display (ie. А” and A). The semantic 
bias was supposed to be facilitated by two factors: (1) the fact that 
one of the elements (ie, А) is common to both the visual and the 
linguistic input; and (2) the semantie habit acquired during everyday 
Social interactions where questions are organized in such a way that the 
correspondence between the components of the visual display and the 
nouns of the question is assured. This explanation appears to be ac- 
беріде to Kohnstamm in his recent monograph (1967, p. 26), and to 

Ohlwill (1968) who presents a similar construct under the name 
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“faulty perceptual set.” Evidence in support of such a cons': uct can be 
obtained by testing predictions about the generalization anc i he strength 
of this habit as a function of the number of releasing cues :vailable in 
the situation. Data clearly interpretable from this point o! view has 
been provided by Smedslund (1964), Pascual-Leone and Hovet (1967), 
Kohnstamm (1967), and, particularly, Wohlwill (1968). ( 1 this mis- 
leading semantic scheme A. and consider next how it is possible for 8 


ever to solve the class-inclusion problem if A, is such an vnduring be- 
havioral disposition in his repertoire. In order to facilitate (e discussion 
it is convenient to introduce the following functional notation: call 
фа, $a’, and ф the S's perceptual visual schemes (or schemas) corre- 
sponding respectively to the concepts or logical classes A, A’, and B; 
call Aa, Aa’, and A; the listener-speaker’s linguistic schemes corresponding 
to the same three concepts; call Qa, Qa, and О the manifold categories 
or superordinate conceptual schemes which in the S's repertoire stand 
for the logical classes A, A’, and B themselves. Finally, oull pr the S's 
representation of the task instructions given by E and «ıl ф, the S's 
representation of the visual display. f 
By using these notational definitions and the mode! the class- 
inclusion task described above the following true expressi s (“rules of 
truth,” Carnap, 1956) can be derived: 
de = @ Ф) 2 )0 > Ra) АЛ Os > 9))1 (5) 
% = (Qa V Qu) (6) 
Q, = 0X 2440...) (7) 
Qe = (02. Ow = GeO...) (8) 
= ( 30i ро ) (9) 
X = Qu VM) (10) 
AE ONON O LE (11) 
ф. = (... 0ф,0ф,0.. .) (12) j 


Where the meaning of the connectives, 1 (negation), = (equiva 
lence), A (conjunction or logical product), V (disjunction or logical 
addition), > (implication), is the usual one in elementary functional 


logic. The meaning of the “semantic equivalence" = js self-evident; the | 


“semantic function” —> indicates that its first term (or antecedent) has 

its second term as a semantic referent; finally, o stands, as in Formula 

1, for any sort of invariant relation. i 
Before proceeding further it may be important to outline the inter- 


| 
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pretation о! rmulas 5-12. Formula 5 simply restates in symbolic 
language the lescription of A, given above including its facilitating 
factor No. 1. | ormula 6 restates in the language adopted here the well- 
known Form. 4 of Piaget’s for Grouping I of addition of classes: B = 
A+ A’ (sec sure 2). Formulas 7-9 define the conceptual schemes О; 
by means oí compound-predicate expressions in which all the constitu- 
ents but two have been represented by suspension points. The formulas 
state that boih: the linguistic scheme А; and the perceptual scheme ¢; are 
included in 9, (they function as cues for О;) and that from a semantic 
point of view they are equivalent. Formula 10 does not require any 
comment execpt to note that it follows as a theorem from Formulas 6, 
7, 8, and 9 "ormulas 11 and 12 signify by means of the conventions 
used above S’s representation of the task instructions (e.g. фу) and 
his perceptic« of the visual display (i.e., $s). 

Any reac keeping his cool despite the mathematical symbolism will 
have recogni} that these semantic rules are little more than a restate- 
ment of the ‘unctional structure of the class-inclusion task described 
above. The «tinct advantage of this symbolic formulation is that it can 
be considere | a description of the task from the S's point of view, when 
the symbols «re interpreted in the light of the neo-Piagetian model 
discussed саз пег in this paper. That is: It сап be assumed on the basis 
of considerable empirical evidence (see Wohlwill 1968; Kohnstamm, 


1967) that Ss as young as 5% years old already possess in their 
Tepertoires cognitive schemes corresponding to each one of the terms 
defined in Formulas 5-12. This assumption entitles us to find out by 
logical derivations whether it is possible to generate the correct answer 
(4 < B) to the inclusion task (i.e, “there are more В than A because 
all A are В”) in spite of the misleading influence of A». According to 
the neo-Piagetian model such a production of this novel correct, те- 
Sponse (ie. Race) would demand an “integration” or “cognitive mixing 

of the sehemes the S has available in his repertoire. А more explicit defi- 
nition of the “cognitive mixing" rule is thus required. For the present 
Purposes consider the following five postulates as a definition of the 
cognitive mixing” rule: P1: The overt (perceptual or behavioral) re- 
sponse R produced by an S in any given situation S* is a complex 
funetion of all the schemes activated in S at the moment of responding. 
Р2: All compatible schemes activated in S* will apply together and 
Co-determine R, РЗ: Other things being equal, when two or more totally 
Incompatible schemes are activated in S*, only the one compatible with 
he greatest number of other activated schemes will codetermine Ri The 
other incompatible schemes will be inhibited. P4: Those schemes which 
àre partly incompatible with the larger set of compatible activated 
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schemes will still apply by “accommodation,” ie. by inhibiting those 
among their subordinate alternatives which are incomp:!ible and by 
activating the best compatible alternative available, if sy. P5: Two 
or more schemes are said to be compatible when the logic:ıl expressions 
representing each of them appear to be logically consistent . 

In the light of modern learning theories the five posiulates do not 
appear to be revolutionary and they have the virtue of being congruent 
with the Piagetian theorizing (see Apostel, 1959, р. 67; Piaget, 1959, p. 
47). 

Now using these postulates and the semantic Formula- 5 to 12 the 
reader ean easily verify that: 


D Or, ф,, May 9, Qr] — Тав (13) 


that is, the set of activated schemes on the left side of Formula 13 will, 
when logically combined, generate the cognitive map T | Tolman, 1948; 
Restle, 1967) leading to the correct answer to the inclusion task (А < 
B). However, if the scheme Q had been excluded fron: this set, the 


incorrect answer А > В would have been generated. Tiis is because, 
as Formulas 6 and 10 suggest, the label A, can be inter) ied either as 
applying to both О, and Qw or as applying to Q,. oniv. (The third 
possible alternative does not arise in the context of ibo instructions 
фу because a reference to Q,, i.e., Àa, is already being mac.) Thus, when 
Ол, is not activated the incompatibility between A, sud Q, can be 
solved (according to P4) by interpreting A, as referring (exclusively to 
Qw. Such a compromise is not possible when the S has also activated | 
the scheme Qw because this scheme does not include the label A, (see | 


Formula 8). According to P3 A, should therefore be inhibited and the 
answer A < B produced. Notice that of all the schemes included in the 
first term of Formula 13 only àe is an overlearned habit with a high 
probability of activation. The other schemes will require from the S an 
act of selective attention in order to be simultaneously activated. "Selec- 
tive attention" means in the neo-Piagetian model the use of the central 
computing space M. The realization by the S of the solution deseribed 
by Formula 13 will therefore demand of him to perform the following 
M operation: 


Мф, Ф, Q4, w, W) > pRacn (4 
where рЁл<в stands for the purpose of uttering the correct answer. Two 
important observations should be made with regard to Formula 14. One 
is its congruence with Piaget's theory, according to which the Inclusion 
of Classes is solved by intermediate of the mental structure calle 
Grouping I (addition of classes). As mentioned above Formula 6 5 . 
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nothing but > Grouping I written in a different manner. The second 
observation to be made about Formula 14 concerns its comparison with 
Formula 4. Notutional and content differences notwithstanding the two 
formulas are :-omorphie in the sense that their respective elements can 
be put in on -to-one correspondence. Indeed both formulas have the 
structure of |/ operations and both exhibit within the parentheses the 
same number of constituents: $;, $s, and three other “mediated” 
schemes or chunks of information. As mentioned above the M-operator 
model predict that this complexity of information processing is only 
attained at «lout 7 to 8 years of (mental) age. The abundant literature 
reviewed by Kohnstamm (1967) shows indeed that this is the case for 
the present (ask, 

Next we -bull proceed to prove that the teaching of “didactic learn- 
ing" ргосеб + used by Kohnstamm (1963, 1967) and others can 
change the > папііе-ргартайе structure of the class inclusion problem 
making it ae <sible to 5- and 6-year-olds. 

Коһиѕіат = didactice learning consists in exposing the child to a 
great numb of elass-inelusion tasks presenting the logical structure 
deseribed above but showing different concrete content. In all tasks, E 
used explicit verbal reinforcement (^no, that’s not right"; “yes, that’s 
right”) followed and preceeded by recurrent concrete verbal explana- 
tions which can. be epitomized by means of Kohnstamm's own words 
(1967, p. 55): “You have to say that there are more B because A are 


also B. A and A’ are all B and so there are always more B.” It is thus 
fair to say that the teaching was specifically aimed towards “extinguish- 
ing" the misleading semantic scheme Ae (Formula 5) and creating in- 
stead the facilitating semantie-pragmatie scheme Ax: 

м = (êr, 6) D 10 > 9, V0) A (Рас) 09) 
That is, a learning-set such that the decoding of the class-inclusion 
Situation (ie. фу, ф„) will cue the S towards: (1) interpreting the label 
В (Le. Ay) as referring to both A and A’, and (2) replying to the class- 
Inelusion question by using the correct answer. ? 
Now consider those 5- ог 6-year-olds who successfully underwent this 
didactic learning. It is obvious that the internal state of the black box 
(ie, the mind) of these children has changed. Before the teaching the 
children’s repertoire pertinent to the task (ie., relevant or misleading 
schemes) has been summarily represented by Formulas 5 to 12. How- 
ever, after the teaching Formula 5 has to be eliminated and replaced 
by Formula 15. With the new repertoire, Formula 13 can no longer be 
derived and Formula 14 although still possible becomes unparsimonious. 
"deed within a “total field of activation,” ie. (... }, including 
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scheme A; and excluding A. the correct response can be senera 
follows: 


Dv, Mgr, $s, Qa, 0)} > рЁл<в [ 
This assertion can be easily verified by consulting the i. :nulas of 
new repertoire. A comparison with Formula 3 (from which the “t 
field of activation” has been excluded) shows the sano number 
schemes being integrated by the M operations. The M operatio 
isomorphic: both should be accessible to 5- or 6-year-olds. l'his exp 
Kohnstamm's data and concludes the proof. 
The interesting series of control experiments conducted by Kol 
stamm (1967) can be cited, independently of the author's interp: 
tion, in support of Formulas 15 and 16. 


The Inferential-Behavior Task of Kendler and Kv ndler 


The explanatory power of the M-operator model c: perhaps | 
better assessed when tested against unexplained new bel: vioristic 
on the development of thinking. The best example i: robably 
brilliant series of experiments carried out by Kendle: ind Ke 
(1967). The paradigm used in these experiments is a two-step om 
the first step children learn three simple schemes (or S-I: .\<sociati 
(1) To push a button A in order to be rewarded with a \varble, В. 
To push a button X in order to get a reward Y. (3) To put a mi 
В’ (similar to B) handed by the E, into a slot in order to obta 
goal-reward G. 1 

During the second step the child is faced with the simultancous 
sentation of the panels corresponding to 1., 2., and 3., and is aski 
obtain G but is not given any marble B'. n 

The logical interpretation of the task appears straightforward l 
the refined experimentation of Kendler and Kendler. In order to а 
the task the S must be capable of self-generating a logical infer 
assertion of the form: 


{AD B, Bo DG, B=BY 3ADG 


that is: If A implies B (Scheme No. 1) and В” implies С (Schei 
2) and B is equivalent to B’, then A necessarily implies G. This is 
tology in the Logic of Propositions. Looking at the task with pié 
eyes this tautology becomes a model for what is going on (conse 
or unconsciously) inside those Ss who succeed the task. Of the 

premises of the tautology the two implications have been experiment 
built into the S during step one. The equivalence B = В’ m 
been spontaneously (and covertly) built by S. Convincing exper 
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evidence in port of this interpretation is offered by Kendler and 
Kendler's с: | experimental analysis. In faet our logical equivalence 
scheme can considered an “explication” (in Carnap’s sense, 1956, p. 
7) of Kend! ud Kendler's own construct, the hypothetical representa- 
tional respo common to both segments (i.e., to Scheme Nos. 1 and 2). 

Now it is possible to write down the formula for the logical-but-not- 
verbal asser! on required from the subjects if they are to succeed the 
task: 

М (фт, $s, фав, фФв'в, Фвв') > PRaa (17) 
The notatic is the same used above in Formulas 2, 3, and 4. Five 
independent chunks” of information (i.e. separate schemes) are inte- 
grated by 1. S's M operator: The instructions (¢7), the stimulus display 
(ds), the i implications and the equivalence. The necessary psycho- 
logical con ence of this integration is the intention of pushing-button- 
A-in-order-| t-G. 

The read. will have noticed that the Formula 17 is isomorphic with 
Formulas +. «l 14 discussed above. It was mentioned there that accord- 
ing to Pia: t's theory and/or to our model an M formula of this 
complexity | only accessible to the central computing space of 7- and 8- 
year-olds |) not to that of younger children. 

Thus th. Piagetian models predict the results obtained by Kendler 


and Kendies which according to their explicit admission are mot ex- 
plained by the neo-Hullian approach. 

A word should be said about the possible connections between the 
data and the model presented above, and the role-taking behavior 
studied developmentally by Flavell and others. (see Flavell, 1968). The 
need for this remark arises from the fact that our decoding-encoding 
paradigm could be interpreted as a role-taking situation. . 

Such an interpretation obviously suggests the possibility of using the 
M-operator model for explaining the development of role-taking bes 
havior. The explanation could perhaps become the “causal-analytical 
or "antecedent-consequent" theory which Flavell and associates (1968) 
consider a necessary but as-yet-to-come complement of the “develop- 
Mental-descriptive” theory they present in their book. 

This paper and its discussion of experimental results were presented 
mainly to serve two related purposes. The first purpose was to emphasize 
the Possibility and the interest of an experimental-and-theoretical 
Approach to language and thinking which is psycho-logical and seman- 
tic-pragmatic in its method of model building. According to this ap- 
proach thinking, as well as the structural linguistic abilities studied by 
Senerative-transformational grammars, should not be confounded with 
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the verbal skills. Thinking and the struetural linguistic abilities are 
considered here to have a logical (but not necessarily verbal) develop- 
mental and functional core. 

The second purpose of the present paper was to show ihat Piaget’s 


developmental theory of intelligence when “liberalized” a1: interpreted 
in functional semantie-pragmatie terms, is able to account for data 
that neither the non-piagetian cognitive approaches nor the neo- 


behaviorist theories can nowadays explain. 
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Ап experiment exploring the validity of the Gavalas and Brigv, vonew 
Schedules of social reinforcement model of dependency is rej wrted. 
puzzle completion task, two responses were defined as follow-: depend 
(Rv), 8 obtaining a puzzle piece from the E who was seated soine dis 
away; and, competent (Rc), S obtaining a puzzle piece by hiri-vlf. E; 
mental groups received different concurrent schedules of social 1ч nforcemt 
for Ro and Rv. Analysis of variance yielded few reliable experimental gro 
differences. Girls emitted reliably more R» during extinction than did b 
independent of schedule of reinforcement, However, correlationa! analysis 
dicated that the model predicted the order effects of the concurrent schedi le 
during extenction on a measure of Rp relative to Re for sexes combin 
but more reliably for girls than boys. The model also reliably predicted о! 
effects on a mean rate of Ro for both sexes during extinction, but the 
tionship was stronger for boys than girls. 


Social learning theorists have tended to group into one response 
dependent behaviors with differing response topographies. They als 
that dependent behavior is supported by other people who nurture 
sure, help, attend, satisfy or comfort the individual behaving in a ^ 
dent" fashion. The reader is referred to Bandura and Walters (19 
Hartup (1963), and Walters and Parks (1964) for discussions of 
dency exemplifying these views. The inclusiveness of these characte 
of dependency is insufficient for a tight definition. This loosene 

* This study was supported in part by Social and Rehabilitation Service Grant 
RT-2. E 
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Gavalas аш. Briggs (1966) to suggest a new social learning model, of 
dependency. riefly, Gavalas and Briggs define dependency as follows:, 
"Dependen: havior is persistently recurring behavior characterized by 
the seeking... others and by a lack of achievement or success, which has 
been caused «y an earlier history of reinforcement for seeking others, con- 
current wii a lack of reinforcement for competency.” (Gavalas and 
Briggs, 196l, p. 101) Seeking of others suggests that an operational be- 
havioral nıcıuıre of approach to another person would serve as one leg of 
a behaviors! criterion for dependency. Lack of achievement suggests that 
a measure o! relative effort such as distance traversed or time consumed 
would serve as another operational characteristic of dependency. 

The conccpts of achievement or success imply, however, a relatively 
specific siliis/ion context with some type of task connotation and associ- 
ated SP's or OS's. Thus, something about the situation should provide а 
stimulus to signal imminent reward for inefficient other-seeking behavior. 
For exam, in a nursery school situation, when an adult announces а 
free play iod, this may mean to some children “you are to seek or 
obtain plex~ire in any way you wish, but you are to take the initiative in 
doing this.’ Many children will seize this as an opportunity to explore, 
exert mastory, or create. The “dependent” child, however, is likely to 
remain px--ively inert, and thus obtain encouragement and invitations 
to play from) the adult. The dependent child may come to the adult with a 
multiplicity of requests for assistance and “I don’t know what to do’s,” thus 
obtaining «dult attention, conversation, or assistance. The change in the 
antecedent stimulus context may provide the discriminative stimuli pre- 
viously associated with dependency reward and competency nonreward 
in the experiences of these latter children. 

The fourth element in this model of dependency is competition between 


the competent and dependent responses generated by concurrent schedules 
of reinforcement. The distinguishing feature of a concurrent schedule. ds 
that two (or more) mutually exclusive operant behaviors are subject to 
two (or more) independent schedules of reinforcement. The organism 1s 
free to emit both operants but only in sequence. Reinforcement dispensed 
on schedule A is contingent upon the emission of operant A (and not B) 
while reinforcement dispensed on schedule B is contingent on the emission 
of operant В (and not A) (Ferster and Skinner, 1957; Catania, 1966). 
Gavalas and Briggs suggest that training and maintenance of dependent 
behavior under a concurrent schedule occurs where social reinforcement 
18 dispensed at a high rate for inefficient, other-seeking behavior and at a 
low rate for efficient, autonomous, competent behavior. These authors 
Suggest that the absence of reinforcement for competence Is probably 5 
Шоге potent determiner of dependent responding than is the reward for 
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dependent behavior itself. Support for this view is found in the work 
Catania (1966) in which animals were used as subjects. Catania 1 
others have demonstrated that although the rates of the con ;peting oper. 
ants are relatively independent of one another there is an inverse relati 
ship between the rate of emission of one operant and the rate of reinfoi 
ment of the competing operant. Thus, by holding the schedule 
reinforcement for operant A constant, the frequency of operant A 
vary inversely with the schedule of reinforcement for operant В. 

The present paper reports an attempt to experimentally explore | 
adequacy of the Gavalas and Briggs model in describing and explain 
the dependent behavior of preschool children. The approach invo 
stipulating different concurrent schedules of social reinforcement i 
competent responses (Rc) and dependent responses (Rp). lach sched 
was imposed upon a group of subjects. 


METHOD 
Apparatus 


Twenty colorful puzzles with the main object cut oui ò Z, 8 б 
wagon, Christmas tree, elephant, ete.) were prepared oí «invas b 
glued to masonite. On the masonite were lines to form 1 X |-inch squ 
to show the location of the 20 blocks needed to complete the design. | 
square contained a colored dot. There were two boxes containing 100 
1 X 1X -inch wooden blocks. Each block was colored on the t 
square sides to match the colored dots. 


Procedure 


This experiment was conducted in a room at a day care center. 8 W 
seated at a small table with the puzzle board immediately in front of him. 
Four feet (from the center of the puzzle) to S's immediate right 
another small table upon which was placed one box of 100 blocks. G 
up, going to this box, and taking a block constituted a Rc. E was e 
beside a table facing S at a distance of 6 feet (from the center of. 
puzzle) to the S's immediate left. A second box of 100 blocks was on 
table. In order to obtain blocks from this box, S had to leave his 8 
the puzzle table and walk to E, who asked what color of block he W 
S answered and received a block from E. Acquiring a block in this 3 
constituted an Rp. 

E was a female who had previous experience as a child care W 
She invited S to play games and took $ to the experimental room fo 
15-minute trials. 1 
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Pretrainii 

Because pilot work had indicated a prominent Ro response set among 
4-year-old children, a single pretraining trial was conducted in which 
potential ^ « were trained to alternate Rp and Rc by means of prompting 
instructions and a concurrent FR 2 FR 2 schedule. Upon entering the 
experimeni il room for the pretraining trial, E explained the matching 
of the puzzle piece color to the colored dot on the puzzle board and said, 
“You сап vet the pieces for the puzzle from that box (points) by your- 
self. I will sit over there by that box (points) and you may get a piece 
from it by coming over and telling me what colored block you want. Then 
I will give it to you.” She said, “O.K., now let's play the game. Remember, 
first you ect a block from that box (points) and then you get а block 
from the oi her box (points). When you finish this puzzle, I will get a new 
one for you. You may start now.” S's were praised following every other 
depend: nd every other competent response. 

Pretest?, 

Ргейт ж was followed, on successive days, by two 15-minute pretest- 
ing trial: without dependent or competent response contingent reinforce- 
ment. 

Subject: 
Five groups of 4-year-old children were then formed as follows: pre- 


tested S's were rank ordered on the basis of their Rp/Ro ratio scores, 
bunched into groups of five on the basis of equality of their Rp/Re ratio 
scores, and then one S from each bunch was randomly assigned to one of 
the five experimental groups. Each group contained five boys and three 
girls. Five subjects refused to participate in the training program and 
were replaced. Analysis of variance of the pretest Rp/R« ratios of the 
experimental groups, following replacement, indicated no reliable dif- 
ferences. 

The children’s families were characterized by a very high divorce rate 
(65%) and lower middle class membership as measured by the Hollings- 
head Index of Social Position. 


Training Trials 

Х Pretesting preceded group assignment by 4-6 weeks. Following S selec- 
tion and assignment, five 15-minute training, and four 15-minute extinc- 
tion trials were administered on 9 consecutive work days. The experi- 
mental groups were as follows: Control, Double A, Double B, Dependent, 
3nd Competent. The reinforcement schedule for the two responses m 
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question was either Variable Ratio (VR) or Extinction (1). The con- 
current schedules of reinforcement for the experimental groups were: 
Re Rp 
Control Ext. Ext. 
Double A VR5 VR4 
Double B VR5 VR2 
Dependent Ext. VR2 
Competent VR3 Ext. 

The verbal communication from E to S during the experimental sessions 
consisted of: (1) puzzle completion contingent praise, and (2) Rp and/or 
Re contingent praise. 

RESULTS 

The mean per trial Rp to total response rate ratios for (|. five experi- 
mental groups during training and extinction are reported ‘or the sexes 
combined in Fig. 1. 
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Fie. 1. Mean per trial R» to total response ratios by experimental condition for 
“sexes combined. 
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For the sı ~s combined, the high rate of Rp responding of the depend- 


ency group, |^ intermediate Rp rates of the two double rewards groups, 
and the low.» Rp response rate of the control and competence reward 
group are s, rent. Noteworthy is the increasing differentiation of the 
groups begii\ing during the later training trials and the marked separa- 
tion of the simples during the last extinction trial. 

Examinalion of the relative Rp response rates by sex (Figs. 2 and 3) 
suggests thal the differentiation of the samples for the sexes combined was 
due in par! io the high Rp rate of boys in the dependency reward group 
and in pari to the low Rp rate of girls in the competence reinforcement 
sample. 

However. ‹ xamination of the Re rate, Rp rate, and normalized ratio data 
using analvsis of variance and ё tests yielded only the following reliable 
group dif «леев: (1) During training and during extinction the compe- 


tence rev! group had a higher mean Ro rate (р < .05) than did the 


depender: reward group or either double reinforcement sample; (2) 
during exi iıction girls emitted more Rp (p < .05) than did boys, inde- 
pendent o` -chedule of reinforcement. Table 1 presents these group means. 
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х Fic. 2, Mean per trial Rp to total response ratios by experimental condition for 
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Fic. 3. Mean per trial R» to total response ratios by experiment ıi «ondition for 
girls. І 
There were no reliable experimental group differences on «ir her th 
rate or Ro/Ro ratio variables. 


To determine the predictive power of the concurrent schedules mo 
predicted rank order (1-Dependency, 2-Double B, 3-Double A, 
reward, 5-Competence) of the five experimental groups was derived 
each of ће Rp rate, Rc rate, and Rp/Re ratio variables and the pred 
orders were correlated with the observed rankings. Eight randomly sel 
sets of five S's each were drawn from the five experimental groups. 
S from each sample). An exact probability value was then determine 
combining the exact p values of the Spearman rho between predicte 
observed ranks within each set (Mosteller and Bush, 1954). : 

During training, the only reliable (p — 05) correlation between 
predicted and observed rank orders occurred for boys on the Ret 
variable. 

During extinction, the model reliably (p < .05) predicted the 
of the schedules on the Rp/Re ratio for the sexes combined and f 
girls. The predicted and observed rank orders were reliably (p < .0 
related on the Ro rate variable for the sexes combined and for boys 


363 


soe 


а 

о 

i 

Йй ыл к колаш ол еш I E == ee US cdit ER 

» See O'STI TSI YII 218 £ 6F 996 2% 9'6T SST €'09 867 WPL 

Я 0 v£ 6 I£ 6'IT T'EI [3654 TF 988 0°98 gar FOL L'Or 0 GF учәәйшогу 

В £96 СВТ g°9T 9:9 [d0 NC 4 093 с y oc [2031 ш oP PUAN 
THE ©`бт 9'6т [ardt 9'IG ce IC £'9c бї 0'16 ost 6T8 ees У-әүапост 

E 9'GI UEI 926 £01 0°98 [2172 600 OFC 6'8T 9 TI 6670 92 Я-әтапост 

2 4'06 Єзї c 0c 8ST L'es [dius 0G 8°61 06 8°61 6'e8 T18 quopuede(q 

4 D a о a 5 a о a 5 a D a чогурпчогу 

A T9jueurodxrr 

E эң аң 1, °ч/чн o а J H/T 

8 чоцошухя Surure rp, 

Я NOLLNO,) "IVINSATHAdX([ ANV хя$ ди ALVY ON аху ALVY TY ‘SINONG J, oMVY O/H куяр i 

= T ISV.L 

Hd 

F=] 


‘364 SPEER, BRIGGS, AND GAVALAS 


extinction. No reliable correlations were found on the Rp rate variabl 
for either sex, during training or extinction. 


DISCUSSION 

These findings provide varying degrees of support for the Gavalas а 
Briggs concurrent schedules of social reinforcement model of dependenc 
The correlational data suggests that the model is able to predict ra 
order effects moderately well. The relative absence of reliable parame 
differences suggests that under the conditions of this study the mo 
generated relatively poor behavior control and that there was conside 
experimental group overlaps on the measures studied. 

However, that the model predicted the rank order effects of the vai 
schedules on the dependency-competence response ratio, and not on 
rate of the dependent response variables, lends special emphasis to the b 
havioral relatively implicit in this definition of dependency. The facts 
the model reliably predicted group orders on the Rp/Ro ratio and n 
competent response rate, and not the mean rate oi dependent respon 
suggests that the concepts dependence and competence are not muti 
exclusive. If a child’s overall response rate is hi eli, he may do considerab 
inefficient dependent socializing but still behave independently o 
enough to get things done. 

That the relationship between the predicted and observed orders of 
groups was stronger for girls than boys on the R,, R ratio, and stro 
for boys than girls on mean Re, suggests a sex related asymmetry bet 
dependence and competence at this age level. 


reward children, who will exceed children rewarded only for autonom 


and efficient behavior on degree of dependent responding relative to € 
petent responding, 


group, the rates of rewarded responses of all other experimental g 
displayed a progressive and consistent decrease. As the experiment 
gressed it became apparent that the S's were becoming bored wi 
task and were emitting considerable task irrelevant, novelty-seekin| 
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havior. Thi- is consistent with reports by Antonites, Frey, and Baron 
(1964), Love, Hammack, May, and Campbell (1958), and Long (1962 
and 1963). | ius task satiation may have been a confounding variable in 


this study. 
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Facilitation of Transposition and Reversal Learning 
in Children by Prior Perceptual Training! 


THOMAS J. TIGHE AND LOUISE S. TIGHE 
Dartmouth College 


First-grade children who received either perceptual pretraining or ће 
identical perceptual experience plus verbal labeling training were s ivnificantly _ 
and equally facilitated in performance on a discrimination rey: тѕа and a _ 
transposition test as compared to nonpretrained children, These results are 
discussed in terms of their implications for perceptual, attentional and уе 
mediation theories of learning. 


Kuenne (1946), and Alberts and Ehrenfreund (1951) found that | 
young child (below the age of about 5 years) is less likely (han older: 
to exhibit relational response in the simple transpositio: experime 
particularly with test stimuli remote from the training pair. Similar 
number of studies have found that reversal is a very difficuli task foi 
young child relative to other types of discrimination shifts but is а 
tively easy problem for older children and adults (Kendler and Ken 
1962; Tighe and Tighe, 1967). Efforts to explain such developmen 
differences in discrimination behavior have frequently drawn upon t 
concept of verbal mediation. Thus, an early hypothesis to account 
transposition behavior is that as children mature they become more li 
to utilize covert verbal mediating responses in the solution of such 
rather than simply responding to the physical properties of the stim 
objects per se (Kuenne, 1946). In the older child such verbalization 
“the taller one is correct”) is assumed to control and dominate ch 
behavior, thereby enabling the child to learn on a relational 
Similarly, it has recently been proposed that relative ease of Г 
shift by older children may be attributed to the development of din 
sional control of discriminative response by means of such mediatir 
representational responses (Kendler and Kendler, 1962). In support 
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the verbal ıiıediation hypothesis, it has been observed that giving children 
training in «plying verbal labels descriptive of the relevant dimension 
speeds up ry crsal learning (Kendler and Kendler, 1961) and influences the 
direction o! choice behavior in transposition tests (Marsh and Sherman, 


1966). How ver, the notion that verbalization per se is the critical factor 
has been seriously questioned in recent reviews of reversal learning (Wolff, 


1967) and transposition (Reese, 1968; Zeiler, 1967). In a comprehensive 
analysis o! this issue Reese (1968) suggests that verbalization may 
facilitate reversal and transposition by mediating a perceptual response 
identifying or calling attention to the relevant dimension. 

Differentiation theory (Gibson and Gibson, 1955; Tighe and Tighe, 
1966), а recent theory of perceptual development, is consistent with these 
reviews in \ccmphasizing the role of verbalization in the development of 
diserimin:! ve behavior. This theory suggests that increased sensitivity to 
stimulus v:riables themselves may mediate the dimensional control which 
is assume! 10 be necessary for transposition and rapid reversal. According 
to this vii point, the abstraction of distinguishing features (dimensions) 
of stimulsiion is primarily a matter of learning through perceptual expe- 
rience, aii thus organisms may be expected to differ both individually 
and deveinj mentally in their ability to detect stimulus dimensions and to 
independently utilize such invariant properties of stimulation to specify 
difference: mong objects. In support of this view is the recent finding 
that first- rade children were markedly facilitated in learning a discrim- 
ination reversal following pretraining of a perceptual nature which was 


designed to facilitate isolation of the task dimensions (Tighe, 1965). 4 

The primary purpose of the present experiment is to test the hypothesis 
that à common perceptual learning process is involved in the development 
of transposition and reversal behavior. Secondarily, the experiment seeks 
an estimate of the significance of this process relative to verbal factors. 
The general procedure involves comparing the reversal and transposition 
performance of children given perceptual pretraining alone with that of 
children given identical perceptual exposure to the task stimuli but with 
added training in applying appropriate verbal labels to the stimuli. 


METHOD 
Subjects. The Ss were 144 first-grade children ranging in age from 5 
years 10 months-7 years 2 months with a mean age of 6 years and 7 
months. This age was selected in view of evidence which suggests that 
Such Ss are at a transition stage in the development of discriminative 
Processes (White, 1965). Each S was run individually in a small room 


adjacent to his classroom. ү Rd 
Pretraining procedure and apparatus. Subjects who received perceptual 
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pretraining only (N = 48) were required to make same-d;''erent 
ments to successively presented stimulus objects which vari. along 
dimensions appearing in the subsequent discrimination task ‘The s 
were selected from sixteen 15-inch diameter wood cylinders which va 
in height (Ht) and brightness (Br). Brightness was varici һу cove 

the cylinders with black (B) or with white (W) enamel paiv or with or 
of the following enamel mixtures—dark gray (one part W to lour parts 
or light gray (one part B to 124 parts W). The Ht values wore 45, 
6.75, and 7.5 inches, The 16 stimuli represented the possible combina 
of these Ht and Br values. In order to aid the standardization of p 
tation conditions, each stimulus was placed in a 0.5-inch doep by 1.72 
inch diameter hole cut in a 3.25-inch wide by 1-ineh high plywood 
or "stand" placed about 15 inches from S seated opposite / at as 
table. The stimuli were placed into the plywood stand one 1! a tim 
between presentations all stimuli were hidden from S's vi w behir 
nearby masonite screen. The total presentation was divided into 
subsets or series as described below. The first stimulus presented 
a series constituted a standard (St) stimulus. The S was toll. “Now 
pretend that this object is yours. Look at it carefully. I am «ving tot 
it away and show you some other objects one at a time. You tel 
which of the other objects that you will see are exactly lil yours.” А 
each succeeding comparison (Co) stimulus was placed in ‘he stand 
said, “Is this object exactly like yours?" and the stimulus rem 
until S had rendered a judgment of “same” or “different.” When 
was presented again to begin a new series, the first sentence o the insi 
tions was changed to, “Неге is your object again." When « new St 
introduced the first sentence of the instructions was, “Now let’s pr 
that this object and only this one is yours.” 

The following stimuli were used as the standards: a B cylinder 
inches high, a B cylinder 6.75 inches high, a W cylinder 5.25 inches 
and a W cylinder 6.75 inches high. Subjects underwent two series 
stimulus presentations with each of the four Sts over a period of а 
20 minutes. A series included the 16 possible combinations of the f 
and four Br values, plus two interspersed reappearances of the stan 
cylinder. 

The possible 24 orders of the four Sts were randomly distributed 
all Ss within the restriction that for half the Ss the last St р 
would be identical to one of the positive stimuli in the later di 
nation and for the other half the last St would be identical to one 0 
negative stimuli. All judgments were based solely upon vision 
received no information about correctness of judgment. Note а 
general features of pretraining were such that Ss were given a rel 
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brief but co: :ontrated experience with the fact that the objects could re- 
main cons! n an attribute (which could assume other values) while 
undergoing riation along another dimension, and they were given 
practice in . -riminating the objects on the basis of one distinguishing 
feature ind: ^ idently of another. 

Subjects » Lo were given perceptual plus verbal pretraining (N = 48) 
received sti! i\ilus exposure and training identical to that given the percep- 
tually preirsined Ss but with added training in applying verbal labels 
to the віти. Whenever S said that the stimulus presented was not the 
same as hi- (\.c., as the standard), he was required by Æ to state whether 
the stimulu- was taller, shorter, or the same as his and whether it was 
lighter, dar or, or the same as his. On each occasion, then, S had to say 
two words, пе to describe the height of the comparison stimulus relative 
to the stai «rd and one to describe the brightness of the comparison 
stimulus : ive to the standard. From the viewpoint of verbal mediation 
theory, it ns likely that such training should increase the availability 
of the ap) ıriate mediating responses and thus should be an effective 
form of p» ' ining for these transfer tasks. 

In order |. make clear to S the meaning of the instructions he was to 
receive in | training, Ss in the perceptual and perceptual plus verbal 
conditions ~ ore first given about 4 minutes practice in making corrected 
same-diffi\t judgments on cookie cutters varying in shape and hue. 

An additional 48 Ss were given pretraining on tasks unrelated to the 
subsequen: discrimination tasks, This pretraining condition was designed 
to contro! for nonspecific transfer effects (e.g., total exposure to Æ and 


other aspects of the experimental situation). The tasks were modifications 
of the Picture Completion and Picture Arrangement subtests of the 
Wechsler Intelligence Scale for Children. The modifications consisted of 
(a) presenting all 20 pictures in the completion test to each S and (b) 
Tequiring cach S to tell а story about each picture in the arrangement 
test. None of 8% responses in either task were corrected or reinforced. 

Discrimination. tasks. Immediately following pretraining all Ss first 
learned a two-dimensional discrimination in which the heights of the 
choice objects were equal to the visible heights of the standard stimuli 
of pretraining, i.e., 4.75 and 6.25 inches. The stimuli were presented on 
4 simple turntable device and on any one trial consisted of one of the 
following two pairs: (a) the tall white cylinder vs. the short black cylin- 
der, or (b) the tall black cylinder vs. the short white cylinder. Tall and 
Short were used equally often as the positive stimulus in all conditions 
of the experiment with the brightness dimension variable and irrelevant. 
The S was instructed to pick up one of the cylinders on each trial and 
Жаз told that if his choice were correct he would find a marble under it. 
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The S was told that the "game" was to see how soon he could fim 
marble every time he chose. Training was continued in this manner un 
S made nine correct out of ten successive responses, at which point y 
out change of instructions half of the Ss in each pretrainiie treatm 
received a discrimination reversal while the other half received tests 
transposition. Reversal training was continued to the same criterion аі 
the original discrimination. Transposition was tested by 20 presenta 
of a stimulus pair composed of either a 6.25- vs. a 894,-inch cylind 
(N = % of the Ss) or a 4.75- vs. а 356-inch cylinder (№ = 14 of t] 
Ss). All choices were reinforced. During both the transposition test 
reversal learning the irrelevant dimension of brightness continued to vi 
Each S was assigned to groups and to positive stimuli on a predetermin 
random basis. At the end of the experiment S was allowe:! to choose 
prize from an assortment which included charms, bubble sum, whistle 
raisins, jack sets, Tootsie rolls, pencils, pencil sharpeners, M «nd Ms, 
flutes. 


RESULTS 
Pretraining. Differences between the treatment groups to e compa 
on the transfer tasks were evaluated by t tests. Among Ss v o underw 
reversal learning, the mean number of errors in pretraining were 19.1 
perceptually pretrained Ss and 15.1 for those given perceptu:ıl plus ve 


pretraining, t = 1.34, df = 46, p > .10. For Ss given transposition tes 
the corresponding means were 18.7 and 15.0, t = 1.40, df = 46, p> 10: 
For Ss who underwent reversal learning, the mean number of crrors di 
the final series of pretraining judgments were 2.12 for perceptually 
trained Ss and 1.58 for Ss given perceptual plus verbal pretraining, Û 
1.23, df = 46, p > .20. For Ss given transposition tests the corresponding 
values were 1.63 and 2.04, t = 1.07, df = 46, p > .20. 

Initial discrimination. The mean number of trials to criterion for 
who underwent perceptual, perceptual plus verbal, and control pretrain 
prior to reversal learning were 27.1, 21.5, and 29.3, respectively. Foi 
given transposition tests the corresponding means were 44.8, 35.8, 
25.0. Analyses of variance on this measure yielded F = .47, df = 2,69, 8 
F = 2.21, df = 2,69, p > .10, for the three reversal groups and the 
transposition groups, respectively. Analyses of errors produced simil 
conclusions. k 

Thus, the major treatment groups did not differ significantly in 
formance in pretraining or in the initial discrimination. 

Reversal learning. The mean number of trials to criterion in the 
crimination reversal was 9.46 for the group given perceptual preti 
15.75 for the group given perceptual plus verbal pretraining, and 
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for the gro! pretrained on the control tasks. AV X + .5 transformation 


was applic to the trials to criterion measure and a 3 X 2 analysis of 
variance w:- carried out (type of pretraining by tall vs, short positive). 
Type of jp: training was a significant source of variance (F — 848, 
df = 2,66, » — .001), while neither stimulus assignment nor the inter- 
action approached significance (both F values < 1). The control Ss re- 
versed signilicantly more slowly than both the Ss given perceptual pre- 
training (| - 3.88, df = 46, р < .001) and the Ss given perceptual plus 
verbal protraining (t = 2.75, df = 46, р < .01). The latter two groups 
did not differ in speed of reversal learning (t = 1.10, df = 46, p > .20). 
The same conclusions result from analyses of errors. 

Transposition. In analyzing the data of the transposition test, an 8 
was conssicred to have exhibited transposition if he made 16 or more 
choices o! » relational nature during the 20 transposition trials—a choice 
pattern expected to occur by chance less than опе time in 100. The num- 
ber of Ss making 16 ог more relational choices in the groups given per- 
ceptual proiraining, perceptual plus verbal pretraining, and the control 
tasks wer 21, 18, and 10, respectively, out of a possible 24 Ss in each 
group. The control Ss differed significantly on this measure from both 
perceptusiy pretrained Ss (x? = 9.11, р < .005) and Ss given perceptual 
plus verbal pretraining (x? = 4.20, p < .05). The latter two groups did 
hot differ (xè = 0.55, р > .30). The same pattern of conclusions resulted 
from comparisons of the frequency of transposition (relational) responses 


Within cach treatment. The mean number of transposition responses in 
the perceptual, perceptual plus verbal, and control conditions were 18.5, 
16.8, and 13.7, respectively. By Wilcoxon’s test for unpaired replicates the 
Controls differed on this measure from both perceptually pretrained Ss 
(p < .01) and Ss given perceptual plus verbal pretraining (р < 05), 
While comparison of the latter two groups did not approach significance. 
It might be noted that the control Ss exhibited less transposition than 
is usually observed in Ss of this age on "near" tests. This outcome is 
Probably due to the presence of the variable irrelevant dimension in the 
Present transposition experiment. С i 
Finally, a square root transformation was applied to the number o 
transposition responses by each S and a 3 X 2X 2 analysis of variance 
Was carried out (type of pretraining by transposition upward vs. down- 
ward by former positive vs. former negative stimulus in the transposition 
test pair). Although the distributions of transposition PO ELE a 
markedly skewed as to render questionable the appropriateness of suc 
an analysis, it was nevertheless deemed advisable to employ a statistical 
test which would check the possible interactions among these factors. 
Only type of pretraining proved to be a significant source of variance 
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(F = 5.17, df = 2,60, p < .01). The F values associated wiih the 


main effects and with the interactions did not approach signi!ivance. 
DISCUSSION 
These results establish that discrimination reversal learnin: and 
position can be markedly facilitated by a common trainin proe 
which is essentially perceptual in nature. As such, the data аге in a 
ment with the conceptions of the differentiation theory of discrimina 


learning (Tighe and Tighe, 1966, 1968a), which relate developmen 
changes in discrimination behavior to changes in S's sensitivity to stim 
tion. From this viewpoint, the facilitation observed in both t ranspositi 
and reversal is seen as resulting from an increase, through perceptual p 
training, in S's ability to detect the relevant dimension-rew:rd rela 


In contrast, non-pretrained Ss of this age are assumed to be more 
to accomplish the initial discrimination and subsequent trnsfer 
on the basis of the specific stimulus object-reward relations in e 
problem. Only when S has fully differentiated out the com on feat 


reward relation in these tasks is there a basis for transfer o rela 
response in the transposition test or for positive transfer to reversa 
the form of attention to the relevant feature-reward relation. Al 
tively, attentional theories of discrimination learning (e.g.. Suther 
1959; Zeaman and House, 1963) might deduce the pattern of results fr 
the assumption that pretraining serves to focus S's attention on the 
dimensions vis-à-vis other features in the general experimental situation. 
But from either theoretical viewpoint it is surprising that perceptut 
pretraining did not facilitate performance in the initial discriminatio 
might be expected under the assumption that pretraining incre 
dimensional control over discriminative response. Note, however, tha 
initial discrimination, unlike reversal or transposition, requires cons 
able learning in addition to the detection of the relevant dimension. $ 
is, it is in the initial discrimination that Ss must learn the “rules 
game,” and it is possible that pretraining did not constitute an appr 
advantage in the face of such nonspecific learning (e.g., the elimi 
of position or sequence hypotheses). That such requirements are & 
icant factor in the learning of these tasks is attested to by Je 
study (1965) which found a 14-fold reduction in the mean numbe 
trials to criterion in the learning of a similar task by four year olds? 
had been pretrained in a series of object-quality discriminations. 
The finding that perceptual plus verbal pretraining was not n 
effective than perceptual pretraining alone (and, in fact, tended 
somewhat less effective) is also surprising in view of the widely 
assumption that differences in the strength or availability of appro 
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verbal u«liators play a major role in the developmental phenomena o 
diserimii;:ion. Note that this result cannot be attributed to a differen. 
tial effec! of the pretraining treatments on performance during pretraining 
or the іа discrimination. And it is unlikely that this outcome is duc 
to a “ceiling effect" of perceptual pretraining alone, at least in regard to 
reversal! varning, since considerably more rapid reversal has been repeat- 
edly observed. with special training in similarly structured tasks with Ss 
of the sine age (e.g., Tighe and Tighe, 1965; Tighe and Tighe, 1968b). 
Rather, и appears that overt verbalization training simply did not con- 
stitute ап added advantage to performance in these tasks beyond that 
provided by the conditions of perceptual pretraining alone. This obser- 
vation siivgests that some of the beneficial effects upon discrimination 
which have been attributed to verbal pretraining procedures may, in fact, 
be duc primarily to the perceptual experience which is an inevitable 
conconilant of such pretraining. This consideration underscores the 
caution that studies investigating transfer to discrimination from verbal 
pretrainiug should include a control condition in which Ss make prior 
differential perceptual responses to the stimulus elements. 

Although we have hypothesized that the critical changes which took 
place in retraining were of a perceptual nature, it is of course possible 
that S~ the pereeptual pretraining group were covertly using labels or 
other liating representational responses and, therefore, it was this 
Practice, rather than perceptual learning, which accounts for the observed 


facilitation, However, it seems unlikely that such mediators played a 
critical role when one considers the nature of the conditions which have 
been found to be essential for effective perceptual pretraining (Tighe 
and Tighe, 1968b, 1968c). The latter experiments show that pereeptual 
Pretraining is effective in facilitating discrimination only under a specific 
set of conditions (which were employed in the present experiment) while a 
variety of other conditions, which appear to allow equal opportunity for 
covert mediation, have no effect. For example, perceptual pretraining with 
either three or four stimulus values appearing on each dimension facili- 
tates later reversal learning, while perceptual pretraining with two stimu- 
lus values per dimension has no effect on later learning. This observation 
is consistent with the assumptions of differentiation theory (Tighe and 
quie, 1968b), but is unexpected from the viewpoint of verbal mediation 
eory. 
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The Child's Memory for Unitized Scenes! 


This article shows that the nursery school child remembers a set of pic- 
tures or objects better if the items are unitized. For example, a shoe, key, 
and box are better remembered if the key is in the shoe and the shoe is in 
the bos. Even arbitrary units are better remembered than a series of items. 

In Exp. І, the child was first shown a display of pictures or objects. He 
named cach item and the items were then hidden; then one was removed 
and tl remaining items were exposed. The S was then asked what was 
Tissin: Different groups of Ss were tested in different conditions. The 
uniti; ondition showed a clear superiority. Experiment II replicated this 
result wiih a simpler procedure and with each S as his own control. Experi- 
ments !!| and IV then examined the role of verbal descriptions and ver- 
balization in producing the effect, 
When does a collection of objects form a “unit”? If a child is simul- 
taneously shown “a shoe, a key, and a box,” how can the objects be 


unitized into a single display? The present article shows that E can make 
а unit of the objects by placing the key in the shoe and the shoe in the 
box. When the nursery school child recalls this scene, he seems to remem- 
ber it as a whole, This article shows, though, that the objects are not as 
well remembered if they are simply lined in a row. А 

Recent research has examined this issue in some detail. Rohwer and his 
Associates (e.g. Suzuki and Rohwer, 1968) and Reese (1965) have shown 
how much better two objects are remembered if the objects interact in 
Some way. Apparently, a relationship between two objects integrates тш 
into a unit, However, we still do not understand what conditions “unitize 
а scene. Ts any arbitrary relationship able to unitize the scene? E for why 
can’t two objects be unitized by the relationship “A is next to B"? If we 
Understood the properties of a unit, we might be able to predict how and 
When a unit is formed. 

Units and redintegrative memory. In general, tasks of memory are 
Conveniently analyzed into stimuli eliciting responses. In some tasks, 
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though, the stimulus is itself a part of the response. When the S sees 
stimulus, he thinks of the whole scene of which it was а par. Seeing 
arrow, he does not think “bow”; instead, he remembers: “thie bow 
arrow that I saw in the hands of the skillful archer уез! lay." 
kind of memory has been called “redintegrative” memory (llvllingw 
1928). It seems to be related to the memory for units. 

A simple version of redintegrative memory has recently bec studied 
adult Ss by Horowitz and Prytulak (1969). The S was aske} to recall 
list of items—words, phrases, sentences, or 2-digit numbvrs—by 
method of free recall. The memory was called *redintegrative" if it 
this criterion: Whenever S recalled any part of an item, the probabi 
was very high that he would recall the whole item. For example, recall 
an adjective-noun phrase is a redintegration: An S rarely recalls а 
adjective ог a lone noun; if he recalls either part, the chances are hig 
that he will recall the whole phrase. Thus, the adjective-1oun р 
seems to be a unit. 


Tasks that meet this criterion have an interesting poverty. 
property appears when free recall is compared with cued r« «.\|; Suppose 
an S is remembering phrases like heavy cake, dry hair, etc. 11. free 


he usually remembers the whole phrase, of course, but thoe are tim 
when he only remembers a part; for adjective-noun phrases, ‘he reme 
bered part is more apt to be the noun, On the other hand, -прроѕе 
given a hint about a phrase. Which part of the unit is the bi ter cue 
adjective or the noun? Horowitz and Prytulak showed thai (he noun 
also the better cue. Thus, the part which is more probable in ‘ree ree 
more effective in eliciting the whole. 

In general, when we remember units, one part of the whole unit is 
salient. When other parts are forgotten, this part might still be re 
bered. This important part is also said to have more “redintegr: 
power" than other parts; it is a better cue for eliciting the whole. . 

Thus, a unit might be characterized this way: A unit has an orga 
tion; the different parts vary in their importance to the whole. One 
is more important or more salient. That part is more apt to be r 
bered, and once it is remembered, it elicits the whole unit more effect 

Now suppose a unitized scene is composed of four ingredient obj 
A,B,C, and D, and let us assume that S perceived each of these i 
ents. Furthermore, let us say that B is the single most important i 
ent in the whole; no single eue would be more effective than B. Howi 
several parts could be combined to yield a larger fraction of the W 
“A + B" contains more of the whole than A alone, so “A + B" oui 
have more redintegrative power than either A or B alone. And like 
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“A+B 1-i” should elicit the whole more strongly than “A +B.” 
Therefore. ihe cue “A + B + D" should elieit the whole unit extremely 
well, and ihe S should easily recall the missing ingredient C. 

Now coisider the following experimental procedure. Suppose S sees a 
unitized sve and the E then removes one ingredient part—say, Part C. 
Then S is asked what is missing. If the scene were unitized, the remaining 
"A +B D" should readily elicit the whole, and S should easily recall 
the missin part. But if the scene were not unitized, the missing object 
would not be as readily recalled. In fact, for non-unitized scenes, A, B, 
and D might each elicit irrelevant associates which could interfere with 
S's memory for the missing C. Thus, a test of the missing part should 
readily distinguish between units and non-units. 

The prosent studies demonstrate that the missing part of a unitized 
display i= Almost perfectly remembered. Memory is very much poorer if 
the вате objects are not unitized. These studies also examine the condi- 
tions tha: produce the difference and therefore help determine what makes 
a “unit 


EXPERIMENT I 


Method 

Test uiaterials. Each child was tested on 14 displays. There were two 
practice ilisplays, six picture displays, and six object displays (n that 
order). Each practice display contained two objects, each picture display 
fontaine two pictures, and each object display contained three objects. 


The objects were all small toys like those found in the Stanford-Binet 
test (cat, train, doll) ; they varied in size and color. The pictures were 
black-and-white line drawings of simple objects. 

The practice displays were: (1) spoon and cat; (2) boat and button. 
The picture displays were: (1) pail and duck; (2) book and scissors; (3) 
foot and cup; (4) squirrel and umbrella; (5) apple and tree; (6) rabbit 
and wagon. The object displays were: (1) doll, chair, and ball; (2) horse, 
flag, and train; (3) whistle, shoe, and box; (4) monkey, bottle, and tele- 
Vision set; (5) block, shoestring, and key; (6) car, dog, and ring. а 
s Each display was presented either as a series or as a unit. In the unit- 
led condition (Cond. U) the ingredients of each display were arbitrarily 
integrated into a scene. Sometimes the scene was realistic and other times 
it was not. For example, in the first object display, the doll sat on the 
chair with the ball in her lap; in the second object display, the horse 
Stood on the train with the flag leaning out of the window. Realistic and 
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unrealistic scenes did not differ systematically, so this variable will 
be discussed further. 

The other two conditions were called serialized (S) conditions; one? 
called “the simultaneous Cond. 8” and the other “the temporal Cond, 
In these two conditions the objects or pictures of each display were 
in a series. In the simultaneous Cond. S the ingredients appeared in a 
before the subject. Adjacent items were about 1/2 inch apart. In 
temporal Cond. $, the ingredients appeared successively one «fter ano 
on the very same spot. 

Procedure. Each S was tested individually. The S entered the “s 
room" of the nursery school and was seated opposite E at a small 
On the table before him there were two brightly colored, cylindr 
clowns made of construction paper. The clown was 12 inches high and: 
mouth was large enough to accommodate an object or picture. Anyth 
inserted into the clown's mouth fell out of S's sight. There was a sli 
the back of the clown, so E could remove the object without 5 seein 

E said: “We are going to play the ‘What’s Missing Gai.’ with the 
clowns.” Then E presented the first practice display: She placed the 
spoon on the table before S and asked “What’s this? Wha: i~ it calle 
After S named the object, E dropped it into one elown's moih. Then 
placed the toy cat before S, asked him to name it, and thon droppe 
into the clown’s mouth. Finally, E told S to close his eyu. and she 
moved the cat from the slit in the back. 

E then told S to open his eyes, and she recited a short poum, urg 
to join in and clapping her hands in rhythm with the poem: "This is 
way we play the game. What is missing? What's its name?" Then the 
clowns were lifted simultaneously to expose the remaining object | 
spoon). Finally, E asked S what was missing. The total delay from 
posure to test lasted about 20 sec. The procedure was then repeated v 
the second practice display. 

Then the child was tested with the six picture displays and after’ 
with the six object displays. The order of items was the same fora 
In Cond. U and in the simultaneous Cond. 8, all ingredients of the di 
appeared together. E pointed to the ingredients one by one and 
to name each one. In the temporal Cond. S, E presented each in 
singly: She presented one ingredient, asked S to name it, dropped 
the clown’s mouth, and then presented the next ingredient. 

Each ingredient of a display was inserted into a different d 

P 

* As described below, every S in Cond. U showed nearly perfect performan: 
the ceiling effect in this condition may have obscured a slight difference b 
realistic and unrealistic scenes. One point. however. is clear: A scene can be Ш 
without being realistic 
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mouth. Tiis rule held for all experimenta] conditions. When a display 
contained \һгее objects, a third clown was added to the table. 

The mi-sing ingredient of each display was systematically varied from 
one subj: to the next. In each test S was allowed 20 sec to respond. His 
score tol. how often he responded correctly. 


Subject: The Ss were 72 pupils at the Bing Nursery School of Stanford 
University. Each group contained an equal number of males and females. 
Two age levels were studied ; the 36 younger Ss ranged from 3 years 10 
months io 4 years 5 months. The 36 older Ss ranged from 4 years 8 
months to 5 years 3 months, 


Results and Discussion 
Table | reports the mean number of correct responses to the pieture 
displays. The label * X» tells that the first picture of a series was missing 
in the test, and “X_” tells that the second picture was missing. The 
maximu score for each position of recall was 3.0. 
TABLE 1 
MEAN NUMBER оғ CORRECT RECALLS, PICTURE DISPLAYS (Max. SCORE = 3) 
Serialized Serialized 
Unitized (simultaneous) (temporal) 
X par X xX xX х 
Age 3.10 1 05 3.00 3.00 2.00 1.92 1.58 1.25 
Age 4.05 л 03 3.00 2.92 2.25 2.25 1.83 2.08 


The data were not normally distributed, nor did they display homo- 
geneity of variance, For heuristic reasons, however, the authors performed 
ап analysis of variance, adopting the .01 level of significance. (Several 
authors have recommended this kind of approach—e.g., Lindquist, 1953.) 
Then the conclusions of that analysis were confirmed by a chi-square test. 

The analysis of variance was performed on S's total score. The total 
Score could range from 0 to 6. This analysis showed that the difference 
between conditions was highly significant, F (2,66) = 49.67, р < .001. 
No other main effect or interaction was significant. In this and subsequent 
experiments, female Ss performed better than male Ss, but the difference 
did not reach statistical significance. Nor did sex interact with other vari- 
ables, Therefore, the effect of sex will not be discussed further. ј 

9 examine the two positions of recall, a separate analysis of variance 
Was performed within each experimental condition. There was no point, 
of course, in analyzing the data of Cond. U. In the other two conditions, 
NO source of variance reached statistical significance; all F values < 1.81. 
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Data for inidividual Ss showed equal recall for X" sid “X_.” In 
Cond. U, 23 Ss showed identical scores, 1 S recalled more 1і‹ 111 to the cue 
* X," and no S recalled more items to the cue “X.” Tur the simul- 
taneous Cond. S, the corresponding figures were 8, 8, and 8. For the 
temporal Cond. S, the corresponding figures were 3, 10, 1 11. Thus, 


pietures were recalled equally well to either kind of cue. 

Then a chi-square test was performed to confirm all of these conclu- 
sions. The partitioning of a chi-square has been discusse] by Winer 
(1962), Sutcliffe (1957), and Wilson (1956). To perform this test, a con- 
tingeney table was prepared. Two columns of the contingency table re- 
ported whether S's score was above the median or below the median. The 
rows reported the different combinations of the three variablcs—the three 
experimental conditions, the two age levels, and the two positions of 
recall, Observed frequencies were entered in each cell; each «xpected fre- 
quency exceeded five. 

The overall value of X*(11df) was 75.66, p < .001. Following the pro- 
cedure of Sutcliffe (1957) and Wilson (1956), this chi-s«j:.re was then 


partitioned into its components. Only one component reached statistical 
significance; X*conaitions(2 df) = 70.74, p> .001. АП oiher compo- 
nents were not significant, p > .05. This analysis, then, a: ed perfectly 
with the analysis of variance, 

To summarize, the picture displays of Cond. U were be~ remembered 
and those of the temporal Cond. S were most poorly rem iubered. Fur | 
thermore, recall was equally good in both directions. M ny cases of ` 
symmetrical recall have been found in adults (e.g. Ekstrand, 1966; 
Horowitz, Norman, and Day, 1966), so it is interesting to find symmetri- 


eal recalls in these data on children. 

Table 2 reports the mean number of correct responses io the object 
displays. Notations like * X X" tell the position of the missing object. 
The maximum score at each position was 2.00. | 

Again, as a first step, an analysis of variance was performed using each 
S's total score. The total score could range from 0 to 6. The results were 


TABLE 2 
MEAN Number or CORRECT RECALLS, OBJECT DispLAYs (Max. SCORE = 2) 
Serialized Serialized 
Unitized (simultaneous) (temporal) 


XX REX ОХХ оогоо хх ОХ 


Age 3.10-4.05 1.83 
Age 4.08-5.03 2.00 


NN 


2.00 1.08 0.83 1.50 0.58 0.67 1.08 
2.00 


.00 
.00 1.67 1.17 1.50 1.00 0.50 0.9 
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very similar `v those of Table 1. The difference among conditions was 
significant, / (2.66) = 91.27, p < .001; but no other source of variance 
was signifies. The unitized condition produced nearly perfect recall at 
both age lev: =. The simultaneous Cond. S was poorer, and the temporal 
Cond. S, wors! of all. This result was also confirmed by a chi-square test 
like that reported above. The overall value of X (17 df) = 122.0; 
Xconai tions (2 (f) = 108.44, р < .001. 

To examine the effect of the item's position, a separate analysis was 
performed os the data of each condition, Again, there was no point in 
analyzing Cond. U further. However, the three positions of recall did 


differ significantly in the simultaneous Cond. S (F = 437, p < .05) and 
in the temporal Cond. S (F = 2.67, p < .10). 


Since the ‘lirce positions differed significantly in both versions of Cond. 
8, the seria! position effects are worth examining further. In both cases, 
the overall » call was best for the item at Position З and poorest for the 
item at Position 2, This recency effect seems to characterize children’s 
memory (i Hagen and Kingsley, 1968). 

The reccney effect was particularly evident in the data of the younger 
Ss. The oii. Ss seemed to show a slightly superior recall at Position 1. 
This tren! towards a primacy effect in the older child implies an inter- 
action beív een age and position. According to the chi-square analysis, 
this interaction reached marginal significance: X^ag x position (2. df) = 
515, p < .10. 

Memory for words and intact language typically exhibits a primacy 


effect with adults: The beginning of the sequence is better remembered, 
and the middle is most poorly remembered. It is particularly interesting 
in the present data that the older Ss displayed a primacy effect. This 
result is related to a result of Marchbanks and Levin (1965). These 
authors showed that kindergarten children respond more strongly to the 
initial letter of a nonsense word than to any other letter. Thus, a trend 
towards a primacy effect may develop as а child approaches the age for 
reading. This point needs to be explored more fully. 


EXPERIMENT II 


Experiment 1 suggested an enormous difference between the unitized 


and serialized conditions. This result was obtained through a “between- 
subjects” experimental design: Every 5 served in one condition only. — 

Experiment 2 was designed to extend this result to a “within-subjects 
or "mixed-list? experimental design. From studies with adults, the two 
Procedures do not always yield equivalent results (Twedt and Under- 
Wood, 1959). 
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M ethod 


Experiment 2 was conducted by a different E. Every 5 was tested in 
two experimental conditions—Cond. U and the simultan vus Cond. S. To 


shorten the task a little, two picture displays were elimin ited (book and 
scissors, apple and tree), leaving two practice displays, four picture dis- 
plays, and six object displays. Two picture displays and three object 


displays were presented under Cond. U, while the remaininz displays were 
presented under Cond. S. Each particular display was unitized for half 
the Ss and serialized for the other Ss. 

To make the procedure more efficient, there were severa] other minor 
changes. First, only one clown was used; the two or three ingredients of a 
display were dropped into the mouth of that single clown Second, after 
each ingredient was concealed, E did not recite the роет and elap her 


hands. Instead, she told S to close his eyes, then she геол. one ingredi- 
ent and told S to open his eyes; finally she lifted the clown asking 
“What’s missing?" The procedure was thus streamlined, an) (he retention 


interval also became а little shorter. As shown below, however, these 
changes made no difference. 

The Ss were 12 pupils (six males and six females) from ile Bing Nurs- 
ery School of Stanford University. They ranged in age iom 3 years, 6 
months, to 3 years, 11 months. 


Results and Discussion 


The mean number of correct responses in each condition is reported in 
Table 3. Both sets of material showed better performance in Cond. U than 
in Cond. S. 


TABLE 3 
MEAN NUMBER оғ CORRECT RESPONSES 
Cond. U Cond. 8 
Pictures 
(Max. score = 2) 2.00 1.42 
Objects 
(Max. score = 2) 2.83 2.08 


A difference-score (Cond. U.-Cond. S) was computed from the data of 
each S. An analysis of variance was performed on the picture displays 
and on the object displays. No sources of variance were significant for 
either type of material; all F values < 2.26, p > .05. Then the error term 
of the analysis of variance was used to test whether the mean difference- 
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score differed ~ ¿nificantly from 0. In both cases, the difference was sig- 
nificant; t (8) 3.44, р < .02. 

The data of 1 11уійца] Ss clearly showed the advantage of unitized over 
vs. For the data on pictures, six Ss performed better on 


serialized disp 
rformed better on S items, and six performed equally well 


U items, non: 

on both type=. l'or the data on objects, seven Ss performed better on U 
items, опе periormed better on S items, and four performed equally well 
on both types Eleven of the 12 Ss showed an advantage for U items on 
at least one (уре of material. 

The resulis of Exp. I can therefore be extended. The experimental effect 
continued to 1014 (a) when the procedure was streamlined in several ways, 
and (b) wher each subject served in both conditions. Since an $ can serve 
as his own соп! то], there cannot be much transfer from one display to the 
next: After « child sees several unitized displays, he does not seem to 
unitize а souu] display spontaneously. If he did, the difference between 
conditions м 1141 have diminished. 

EXPERIMENT III 

What produces the difference between serialized and unitized displays? 
Perhaps the «dvantage of a unitized display сап be linked to the verbal 
process, А child may translate each scene into words and largely remem- 
ber his own words. If so, a child's verbal description of a unitized scene 
should differ from his verbal description of a serialized display. _ 

Unitized displays show objects interacting. An adult's description of a 
unitized display would therefore involve verbs and prepositions. Perhaps 


itized displays. 


these verbs and prepositions enhance S's memory for un 
words, and 


If so, S's descriptions of unitized displays should contain more 
these extra words should be mainly verbs and prepositions. 

Several experiments (e.g., Suzuki and Rohwer, 1968) have already 
shown that verbs and prepositions enhance an older child’s memory for 
noun pairs, An S can remember “car-wagon” much more readily after 
hearing "The car pulled the wagon” than after hearing “The car and the 
Wagon." 

We therefore hypothesized that even the youngest Ss would use more 
Words in describing the unitized displays. Their descriptions were ех- 
Pected to be longer, mainly because of the verbs and prepositions. This 
hypothesis was tested in Exp. III. 


Method 

Each S was shown the display of Exp. II and asked to deseribe ue 
he saw. The E said: “What’s this? Tell me about what you see. The 
Tecorded S's description verbatim. Half of the items were unitized, and 


384 HOROWITZ, LAMPEL, AND TAKANISHI 


half were serialized. The E scored the total number of «is that S pro- 
duced, and also the number of verbs and prepositions. | velve Ss were 
tested. Half were males and half were females; half raid from 3 12 
years to 4 years, and half ranged from 4 1/2 years to бус. 


Results and Discussion 


Table 4 reports the mean number of words S produced i: describing the 
displays. The words “the,” “a,” and “and” were not count. in this score 

A single analysis of variance was performed on these dala (Lindquist, 
1953, “Туре VI"). This type of analysis yields three “wiihin-subjects” 
error terms. The Bartlett test of homogeneity of variance showed that 
the three error terms did not differ significantly (X* = 0.260, p > .10), 80 
the three terms were pooled to yield a single, more stable orror term with 
30 df. The analysis of variance showed several significant sources of 
variance. For one thing, the objects elicited many more words than the 
pictures; F (1,30) = 74.98, p < 001. There was also à \vnificant age 
effect; F (1,10) = 12.82, p < .01. More important, though «e interacted 


significantly with other variables: First, age interacted wiih the experi- 
mental condition (S vs. U), F (1,30) = 4.32, p < :05. 11.1 second, age 
interacted with the nature of the material (pictures vs. objects), 
Р (1,30) = 5.47, р < .05. 

The interactions with age are due to a smaller differen for younger 
Ss. The interaction between age and experimental condition was especially 
interesting: Unitized scenes elicited more words than serialized scenes for 
the older Ss; but the younger Ss showed no difference «i all. For the 
younger child, a unitized display does facilitate memory, but it does not 
elicit any more words of description. 

Verbs and prepositions are considered to be important in helping à 


child unitize a cognition (e.g., Suzuki and Rohwer, 1968). ‘Therefore, the 
numbers of verbs and prepositions emitted by each subject were counted. 


TABLE 4 
Torat Nummer or Worvs Emrrrep (Excluding “the,” “a,” and "and") 
PER ITEM PER CHILD 
Cond. U Cond. 8 
Age 31/2-4 
Pictures 4.0 4.3 
Objects 8.0 8.7 
Age 41/2-5 
Pictures 6.5 4.5 


Objects 14.1 11.4 
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TABLE 5 
Tora! user оғ VERBS AND PREPOSITIONS PRODUCED PER Cni 
Cond. U Cond. 8 
Pietures 
Age 31/21 0.2 0.0 
Аде 4 1/2 1.7 0.0 
Objects 
Age 31/2 | 0.2 0.0 
Age 41/2 3.5 0.0 


E OS Ee 


Table 5 reports the mean scores, The data were not analyzed statistically 
because of large number of 0’s, but the message is very clear: Older Ss 


spontaneo. !y produced verbs and prepositions in deseribing the unitized 
displays, \ ile younger Ss did not. Although verbs and prepositions do 
exist in th vocabularies of the younger Ss, they were not spontaneously 
emitted wi- ıı the child deseribed the scenes. 

This ro- i: raises a question about the role of verbal processes in the 
child's nı. ту. Data of the younger children showed that verbal deserip- 
tions per. » snnot explain why the unitized display is better remembered, 
In fact, ır as we could tell, the younger child showed no difference at 
all in de«c:ibing the two kinds of displays. . 

Therefore, we eannot explain the advantage of Cond, U in terms of 
verbal processes, Better-remembered unitized scenes do not necessarily 


elicit different words from the nursery school child. 


EXPERIMENT IV 
Was verbalization of any importance in Exps. 1 and 2? Both experi- 
ments showed that unitized displays are better remembered, but, 
experiments had the subject name each object or picture when it first 
appeared, Was that part of the procedure necessary : 
Several studies have shown the importance of labels on children’s 
memory (e.g, Reese, 1962). If S names an item shortly before it is 
removed, he seems to remember % better; otherwise his performance 18 
depressed, Now if Cond. U's advantage is related to the labeling кыш) 
then this advantage should disappear when S does not name each xe 
Cond. U loses its superiority, then the naming of items is an жк wl 
part of the experimental procedure. Experiment. IV therefore replica! 
Exp. II with one modification: 8 did not name each item. i 
This change in procedure posed & methodological problem. It is con- 
venient to have children name each item in order to determ: 


name for that item. If an occasional child calls a cat à “bunny,” then E 
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can subsequently expect “bunny” as the correct response. ‘Therefore, we | 


still wanted each child to name the object or picture, but sot during the 
memory task. 


Method 
First, S was shown all 22 objects and all eight pictures i: 4 randomized 


order. He was asked to name each item, and E recorded his response, - 


Then the procedure of Exp. II was replicated. When cach display ap- 
peared, though, S was not asked to name the ingredients. 

"There were 24 Ss from the Bing Nursery School of Stanford University, 
Twelve Ss (six males and six females) ranged from 3 yours 6 months, 
to 4 years. The remaining 12 Ss (six males and six females) ranged in age 
from 4 years 6 months, to 5 years. (The Ss were comparabl in age to the 
Ss of Exp. II.) 


Results and Discussion 


| 


| 


| 


Table 6 reports the mean number of correct responses fo cach ехрегі- | 


mental condition. In general, the means of Table 6 are low. în fact, every 
mean of Table 6 is lower than the corresponding mean of ible 8. 


TABLE 6 


Mean NUMBER or CORRECT RESPONSES 


Cond. U Conti. 8 


Pictures 
(Max. score = 2) 
Age 31/24 1.08 1.16 
Age 41/2-5 1.58 1.16 


Objects 

(Max. score = 3) 
Age 31/24 2.25 1.4: 
Age 4 1/2-5 2.66 2.00 


First consider the data for object displays. In these data, Cond. U was 
superior to Cond. S. An analysis of variance showed that the difference 
between the experimental conditions was significant; F (1,20) = 13.78, 
D < .01. No other variable or interaction reached statistical significance, 
except the age-difference, which was marginally significant: F (1,20) — 
342, p < 10. Thus, the difference between Cond. U and Cond. S was 
still present, though performance was generally lower than that of Exp. 
II. On the other hand, the data for picture displays did not show signifi- 
cant differences. An analysis of variance was performed on these data, 
and all F values < 2.60, p > .10. 


=e 
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Picture dis; уз occurred earlier in the testing than object displays. 
Therefore, the »sults of this experiment may reflect a difference between 
pictures and «'\\ccts, or it may reflect a difference between early testings 
and later от = Perhaps even without labeling, S can better remember a 
unitized disp!» if he has had enough practice with the memory task. 

Therefore, 10) more Ss were tested, with the order of testing reversed. 
Object displiys were tested first and picture displays afterwards. The 
results were усту similar to those of Table 6. The mean number of objects 
recalled was 2.6 in Cond. U and 1.8 in Cond. S. This difference was sta- 
tistically significant: ¢ (9) = 3.21, р < .02. On the other hand, the recall 


of pictures slowed no significant difference; the mean number of pictures 
recalled was 1.7 in Cond. U and 1.5 in Cond. 8; ¢ (9) = 0.61, p > .10. 


This pattern of results was just like that described above. 
Thus, Coud. S and Cond. U did not differ significantly for picture 
displays unos S named each picture as it appeared. The naming pro- 


cedure may make the child pay closer attention to the picture, or “orient 
him” better | wards it, Pictures, after all, are more symbolic than objects; 


without soni orienting task, S may not always perceive the stimulus. Or, 
if he does, ho may fail to engage in whatever cognitive activity safeguards 
it from forviting. At least with pictures, then, naming seems to be an 
important. part of the procedure of Exps. I and II. 
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Some Effects of Novelty and Overtraining on the 
Reversal Learning of Retardates* 


FRANK D. TURRISI® AND Bryan E. SHEPP 
Brown University 


Thre periments were conducted on retardates to assess the effects of 
the introiuction of novel stimuli along an irrelevant dimension during a 
reversal, of different amounts of training, and of delay of reversal. It was 
found the introduction of novel irrelevant stimuli (1) interrupts 
first-tri rseverative choice responding when Ss have received minimal 
amount training but not when a strong criterion or overtraining is used, 
and (2. increases the latencies of responses to other stimuli along the 
relevan nension, The ORE was found when a 24-hour period intervened 
betwee ining and reversal but not when reversal immediately followed 
training 

The attention theory of discriminative learning of Zeaman and House 
(1963) has been successful in describing the data of various types of 


reversal aiì nonreversal shifts in retarded children (e.g., House and Zea- 
man, 1962: Campione, Hyman, and Zeaman, 1965) and rats (Shepp and 
Eimas, 1964), This theory, in common with other “chaining” theories 
(Goodwin and Lawrence, 1955; Sutherland, 1959; Lovejoy, 1966) postu- 
lates the acquisition of an attentional, or observing, response which pre- 
cedes the learning of an instrumental response in а discriminative task. 
Specifically, Zeaman and House (1963) proposed that an attentional re- 
sponse is acquired to a relevant dimension, i.e., a dimension (e.g, color) 
along which stimuli (e.g., red and blue) are differentially correlated with 
Teinforcement. As the attentional response to the relevant dimension is 
being learned, an instrumental response to the positive stimulus is also 
learned. The probability of attending to the relevant dimension (Pox) is 
assumed to increase both as a function of reinforced instrumental re- 
Sponses to cues along that dimension and as à function of nonreinforced 
Tesponses to cues along an irrelevant dimension Ges a dimension along 
Which no stimuli are differentially correlated with reinforcement). The 


"This research was supported by PHS Grants HD-01349-01 and ad 
613-01 (MTLH). The investigators express appreciation for the cooperation an 
assistance of Dr. John Smith, Superintendent of Ladd School. 

Now at Florida State University. 
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probability of an instrumental response (Pr) to a cuc ulong a given 
dimension, once that dimension has been attended to, increases as а 
function of the number of reinforced responses to that cue and of non- 
reinforced responses to any other available cues. Convers: ly, extinetion 
of both responses (attentional and instrumental) occurs as а function of 
nonreinforced instrumental responses to a cue along the observed dimen- 


sion. Extinction of an attentional response occurs indirect ly when observ- _ 


ing responses to other dimensions are followed by reinforce instrumental 
responses. 

The probability of attending to a dimension may be affected by opera- _ 
tions other than reinforcement. Zeaman, House, and Orlando (1958) 
found evidence which led them to suggest that the introduction of one 


novel stimulus along the relevant dimension makes possible the learning 


of a previously unsolved problem. Moreover, the nove! stimulus Was | 


effective when replacing either the positive or the neg:tive stimulus, 


indicating that the effect was not the result of a “simple preference for 1 


ог aversion to novel or familiar stimuli." From this, it was concluded 
that "novelty enhances Ро)” where Poa, is the initis! value of Po, 
(Zeaman and House, 1963, p. 199). 


A further generalization which might be made is that novelty, defined 
аз the introduction of previously absent stimuli, enhances Роз з,... n 
Stated explicitly, the introduction of novel stimuli alone an irrelevant 
dimension raises the probability of attending to that dimension. Since 


Po is a theoretical construct and not amenable to direct empirical test, it 
is necessary to deduce, from the constructs of the theory, hypotheses 
which are empirically testable. 

Hypothesis I. Consider the case in which Ss are trained on a problem 
with one relevant dimension and one or more irrelevant dimensions, After 
such training, Po, should be high and Po,, Pos, ..., Pon, the probabilities 
of attending to the irrelevant dimensions, should be low. Moreover, the 
value of Po, increases directly as a function of the number of trials on 
which reinforcement follows correct instrumental responses. It may then 
be hypothesized that novel stimuli along an irrelevant dimension would 
affect performance less if introduced following overtraining than if in- 
troduced at some prior point during the acquisition of a discriminative 
response. 

One test of the preceding hypothesis would be to train Ss on a two- 
choice visual discrimination and reverse them in a 2 X 2 factorial design 
varying level of training (overtraining vs. no overtraining) and irrele- 
vant stimuli (novel stimuli vs, training stimuli). In the reversal paradigm, 
the attentional response which was relevant in the training problem 
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remains appropriate in the shift problem, but the reinforcement correla- 
tions of the -timuli are reversed. The introduction of novel stimuli along 
an irrelevanti dimension might be expected to interfere with reversal 
learning to the extent that these operations increase Po of that dimen- 
sion. Furthermore, the increase in Po should decrease with increased 
amounts o! overtraining. Thus, it was predicted that overtraining and 
novelty would interact in their effects on performance in a reversal 


problem such that there would be less difference between the effects of 
old and nove! stimuli with increasing amounts of overtraining. 
Hypothesis IT. Several experiments (see Mackintosh, 1965, for a recent 


review) have found that reversals in rats are facilitated with increased 
overtraining on the training problem. Such a finding is easily deduced 
from the theory of Zeaman and House (1963). Everything else being 
equal, reversal learning is facilitated to the extent that the relevant 
attention»! response is transferred from training to reversal. A high Po; 
results in urcater transfer, and overtraining increases Роз. It would then be 
predicted that overtrained Ss would reverse faster than nonovertrained Ss. 
EXPERIMENT I 
Method 
Subject; 


The Ss were 40 retardates, institutionalized at the Ladd School, North 
Kingstown, Rhode Island, with a mean MA of 80.3 months (range = 39- 
155.5 months), a mean IQ of 49.0 (range = 30-72) and a mean CA of 
177.9 months (range = 111-216 months). None had been run previously 


in discrimination learning experiments. ч 


Apparatus 


The apparatus was a modified Wisconsin General Test Apparatus. 
A 30 X 12-inch tray, mounted on a 36 X 36-inch table, could be pushed 
under a one-way vision screen to present the stimuli and withdrawn to 
bait the foodwells. The two foodwells were 3 inches in diameter and Ys 
ineh deep, centered in the tray and 12 inches apart on centers. The entire 
apparatus was painted a flat gray. : ; 

The stimuli were seven geometric forms (cross, circle, T, triangle, 
Square, star, and diamond) cut from 3-inch squares of %-іпоћ pine 
and painted one of seven colors (red, black, blue, yellow, brown, orange, 
and green), yielding 49 different stimuli. Each stimulus was glued up- 
Tight upon a 315-inch square of gray plywood. 
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Procedure 


General. 'The stimuli were randomly assigned to Ss, with ihe eon 
that the cross and T were never assigned to any given Ss, cither on 
same problem or on consecutive problems. One-half of eac!) experi 
group was trained with color relevant and the other h:if with 
relevant. For a given S, responses to one of the relevant stili (p 
were reinforced on all trials and responses to the other опе (ne 
on none of the trials. The stimuli from the irrelevant dimensions: 
paired with the relevant stimuli by a Gellermann series, and respo 
to them were reinforced on a 50% irregular schedule. For exam] 
form were relevant and color irrelevant, then two consecutive trials 
be: (1) red circle (positive) vs. blue triangle (negative) and (2) 
triangle (negative) vs. blue circle (positive). 

Pretraining. The Ss were verbally instructed to find th candy, 
the candy was presented in an uncovered foodwell for four tri 
position randomized and equated. Finally, the candy was present 
three trials in each foodwell in random order, the food weil cont 
the candy being covered with a 4 X 5 X -inch black ply ood 

Experimental conditions. All Ss were given 30 trials per day W 
intertrial interval of approximately 12 seconds. Reinforce: wit eo 
of one M & M candy on each trial. Following an initial choice, Ё 8 
“Good” if the response was correct or “No” if incorrect Not in 
said following a correction response. 

All Ss were trained on a two-choice visual discrimination 
task (Problem I) to a criterion of nine correct of any 10 coi t 
trials on a given day. The failure criterion was 150 trials. On thé 
following criterion day, Groups OTO and OTN were given 150 tri 
days) of overtraining and then shifted to a new problem (Probler 
For Group OTO, the stimuli were the same as for Problem Т, but 
reinforcement contingencies of the relevant stimuli were reverse 
Group OTN, the reinforcement contingencies of the relevant stimi 
reversed and the irrelevant stimuli of Problem I were replaced by t 
different ones. Groups CO and CN were treated the same as G ) 


following eriterion day with no interpolated overtraining. Critei 
Problem II was the same as for Problem I for all groups. 


Results 


In this and all subsequent experiments to be reported, trials tó cri 
yielded the same effects as errors to criterion; only the latter will 
reported. 
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An апа уыз of variance of the mean number of errors through criterion 
(error sc«:««) on the training problem revealed no significant main effects 
or inter: (ions (p > .05). ; 

Ап an:ivsis of variance was performed on the mean error scores for 
the reve:-.l problem and showed no significant main effects or inter- 
actions | .05). 

Savins- scores were calculated for each S by subtracting the error 
scores fo: Problem II from those of Problem I. Again there were no 
significant main effects or interactions (p > .05). 

The frequencies of Ss who perseverated in their responding to the 
positive (raining stimulus on the first trial of reversal were cast into 
a 2 X 4 contingency table. These data include three Ss who did not 
complete ihe reversal problem but for whom first-trial data were avail- 
able. Sinco more than 20% of the expected cell frequencies were less than 
five, the data were pooled in two ways for analysis (Siegal, 1956, pp. 
178-179). Since Group CN was expected to be most affected by the 
introduction of novel irrelevant stimuli (Hypothesis I), it was tested 
agains! (iroups CO, ОТО, and OTN pooled. Fewer Ss in Group CN than 
in the oiher three groups responded to the positive training stimulus on 
the fir! ‘rial of the reversal (x? = 7.79, df =1, р < .005). The effect 
of over!» ining was tested by pooling the data for Groups CO and CN, 
and testing against the pooled data for Groups ОТО and OTN. Groups 
CO and CN differed from Groups ОТО and OTN (x? = 495, df = 1, 
P< 03; such that 18/21 Ss in the overtrained groups perseverated 
Wheres 12/22 Ss in the nonovertrained groups perseverated. 

Discussion 


The lack of significant effects in both error scores and savings scores 
might suggest that neither novelty nor overtraining had an effect. On 
the other hand, the first-trial analysis indicates that the introduction of 
novel stimuli along the irrelevant dimension does in fact affect perform- 
ance, although the effect on choice measures is transitory. It is important 
to note, however, that measures of performance on the first trial of rever- 
sal are reflecting changes in Po, which result primarily from the effects 
of stimulus novelty. On subsequent trials, the effects of the changed 
reinforcement contingency become manifest, superimposed upon, pa 
Possibly masking, any novelty effects which may obtain. Thus, дел 
hovelty effects might be expected to occur on the first reversal trial bu 
not over the whole course of the reversal. Л 

The lack of ап overlearning reversal effect (ORE) in the present 
experiment might be the result of the weak criterion used. ереен 
of the data of Groups ОТО and OTN revealed that 55% of the Ss returne 
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to chance performance on the first day of overtraining, reiiaining there 
for 2 or more days before again achieving criterion. For these Ss, the 
criterion had been achieved fortuitously, and it is reason! le to expect 
a comparable effect for the nonovertrained Ss as well. 


The effects of a weak criterion are at least twofold. Firsi, Ss who do 
not start performing consistently above chance until the third or fourth 
day of overtraining have not received as much overtraining as Ss who 
have been at criterion throughout. The result of a weak criterion in 
Problem I would Бе to reduce the difference in amount of overtraining 
which would be produced between the overtrained and nonovertrained 
groups, and hence to attenuate the ORE. Second, if the weak eriterion 
results in fast learning on Problem II, any differential transfer effects 
might be obscured by a floor effect. It is relevant to note that 31 of the 
40 Ss in this experiment learned Problem II in 10 or fewer orrors. 

А second experiment was performed in an attempt to determine whether 
the initial hypotheses could be confirmed, with measures which reflect 
overall learning rate, by utilizing a stronger criterion of learning in both 
problems. 


EXPERIMENT II 


Method 


Subjects 


The Ss were 56 institutionalized retardates, with a mean MA of 78 
months (range — 31-179 months), a mean IQ of 43 (range — 19-83), 
and a mean CA of 236 months (range = 130-352 months). All Ss were 
experimentally naive. 


Apparatus 


The apparatus and stimuli were the same as those used in Exp. І. 


Procedure 


With one exception, the same procedure was used here as was used in 
Exp. I. Instead of a criterion of nine correct of any consecutive 10 trials, 
Ss in Exp. II were trained to a criterion of 25 correct responses in à 
given session of 30 trials. 


Results 


An analysis of variance on error scores for Problem I showed 00 
significant main effects or interactions (p > .05). Similarly, there we? 
no significant main effects or interactions obtained for the error scores 
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for Problein П. The savings scores revealed a significant main effect for 
overtraining (F = 8.59, df = 1/51, р < .01). Overtrained Ss learned 


Problem 11 faster than they had learned Problem I whereas nonover- 
trained 5- learned Problem I faster than Problem II. 

Regarding the first-trial data for Problem II, the groups are virtually 
identieal, with responding significantly different from chance (z — 5.21, 
p < 001) in the direction of perseveration to the positive training stimu- 
lus. Three of the Ss in Groups ОТО and OTN lost criterion during 
overtraining, and all of them regained it and kept it on the second day 
of overtraining. 

Discussion 

The purpose of Exp. II was to test the two original hypotheses under 

a stronger criterion of learning than that which was used in Exp. I. That 


the present criterion was in fact more rigorous is evidenced by the fact 
that, whereas 55% of the Ss in Exp. I had reverted to chance performance 


for 2 or more days during overtraining, only 10.7% of the Ss in this 
experiment did so and for only 1 day. 

There are two major differences in the findings between Exps. I and 
П. First, an ORE was found in the present experiment. The presence of 
the ORE suggests that the explanations advanced for its absence in Exp. 
I were valid. With the stronger criterion only a small proportion of the 


Ss lost criterion during overtraining, insuring that all ОТО and OTN Ss 
were in fact overtrained. In addition, only 18/54 of the Ss had error scores 
of 10 or less, as compared with 31/40 in Exp. I, making a floor effect 
much less probable. int 

The second major difference in the results of the two experiments is in 
the frequeney of perseverative responses on the first trial of Problem I. 
It is possible that the stronger criterion used in the present experiment 
Was sufficient to raise Po, to the point where the novel irrelevant stimuli 
were not attended to, in which case no disruption of perseverative re- 
sponses would be observed. 9 

Another possibility is that the novel stimuli along the irrelevant dimen- 
sion were in fact attended to, but that the instrumental response was 
nevertheless made to stimuli along the relevant dimension. In the terms 
of attention theory, both the relevant and irrelevant dimensions were 
being attended to, but for different reasons: the relevant dimension 
because attentional responses to it had been consistently followed by 
reinforced instrumental responses, the irrelevant dimension because of the 
introduction of novel stimuli along it. 

The above hypothesis is not testable using 
Present situation, since systematic responses 


only choice measures in the 
to a given stimulus permit 
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inferences only about the dimension along which the stimulus lies, Hi 
perseverative responding on the first reversal trial permits one to 
only that the relevant dimension was observed. One resolution of 
ambiguity would be the use of a Measure which may vary independer 
of choice measures. One such measure is latency of response. If ch n 
in response lateney were found to be correlated with changes 
stimuli along the irrelevant dimension when S is consistent ly choosi 
stimulus along the relevant dimension, then one might reasonably 
that both dimensions were being attended to. This, in spite of that 
that responding to one dimension only is being reflected in the cho 
measures. : 

To test this notion, a third experiment was run. Experiment: II i 
replieation of Exp. IT, except that Ss were reversed immediate] y folloy 
acquisition or overtraining in an attempt to insure that Ss would 
responding to the positive training stimulus on the first trial of reversal, 
In addition to the usual choice measures, response latencics were tak 


EXPERIMENT Ш 


Method 
Subjects 


The Ss were 38 institutionalized retardates, with a mean MA of 
months (range = 32-156 months), a mean IQ of 46 (range = 27-87 


and a mean CA of 248 months (range = 129-343 months). All v 
experimentally naive, 


Apparatus 
The same apparatus was used as had been used in Exps. I and Il 


was added to measure response latene 
The timer was started by a microswitch when the tra: 


such that S could see the stimuli, 
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re starting Problem II, a eriterion which all Ss met on the 


correct bei 
first atten 
Results 

An analysis of variance of the error scores for Problem I showed по 
reliable nizin effects or interactions. Analysis of the error scores and 
savings scores for Problem II likewise yielded no reliable effects (p > .05). 

All Ss responded to the positive training stimulus on the first trial of 
he reversal, a highly significant (г = 5.91, p < .001) departure from 
chance. 

The mean latencies are plotted (See Fig. 1) in blocks of five trials for 
he last ten trials of Problem I and the first 30 trials of Problem II. The 
mean response latencies on the first trial of the reversal are also shown 
in Fig. |. An analysis of variance was performed on the latencies of the 
ast 10 ‘vials of Problem I, and no differences were found, indicating 
that all Xs were performing at the same level prior to reversal. Difference 
scores (1),) were obtained for each S by subtracting the latency of the 
first trial of reversal from the mean of the immediately preceding five 
rials of Problem I. The scores reflect systematic changes in response 
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Fro. 1. Mean response latencies for the last 10 trials of Problem I, the first trial 
of Problem II (Т,), and the first 30 trials of Problem II. 
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lateney which result solely from the introduction of novel irrelevant | 


stimuli. A further set of difference scores (Dz) was derived for each 
S by subtracting the mean of the first five trials of Problem 1I from the 
immediately preceding five trials of Problem I. These scores presumably 


reflect both novelty effects and the effects of the reversed rcinforeement 
contingency. An analysis of variance of the Dı, scores revealod a signifi- 
cant novelty effect (F = 16.21, df = 1/34, p < .001) but no other main 
effect or interaction. An analysis of the D, scores showed no signifieant 
main effects or interactions. Since half of the Ss learned the reversal in 
the first 30 trials, the data for those trials were subjected to a finer 
analysis by examining the mean latencies and the mean errors in six 


blocks of five trials each. 

A Lindquist Type III analysis of variance was performed on the 
blocked latency scores for the first 30 trials of reversal (Fig. 1). The 
latencies for Groups OTN and CN were significantly (F — 5.12, df= 
1/34, p < .05) longer than those for Groups OTO and CO. The trials 
effect was also significant (F = 2.98, df = 5/170, р < .05), with latencies 


decreasing across trials. None of the other main effects or interactions 
were significant. The mean squares for the novelty effects coriputed for 
each block of trials were tested against error mean squares which were 
similarly calculated. The resulting F ratios (df = 1/34) for trial blocks 


1-6 were 3.30 (.05 <р < .10), 9.16 (р < .005), 2.26 (p > .05), 2.46 (p> 
05), 3.95 (.05 <р < Л0), 4.66 (р < :05), respectively. 

An analogous Type III analysis was done on the mean crror scores 
corresponding to the latencies analyzed above. The effect of (rials was 
significant (F = 55.08, df = 5/170, р < .001) as were the trials by 
overtraining interaction (F = 245, df = 5/170, р < .05) and the trials 
by novelty interaction (F = 2.54, df = 5/170, р < .05). The trials by 
overtraining interaction reflects the fact that the number of mean errors 
starts higher but decreases faster over trials for Groups CN and CO than 
for Groups OTN and OTO, with the curves crossing between the fourth 
and fifth blocks. The trials by novelty interaction indicates that, although 
all groups start at the same level, mean errors for Groups CN and OTN 
decrease more slowly than mean errors for Groups CO and OTO. The F 
ratios for the novelty effects computed for each of blocks 1-6 (df = 1/34) 
were Р <1; F<1; 427 (p< 05); 3.05 (05<р< 1); F <1; 510 
(р < .05). A similar set of tests for the overtraining scores revealed that 
none of the analogous pairwise comparisons contributed significantly to 
the trials by overtraining interaction 


Discussion 


In this experiment, neither Hypothesis I nor Hypothesis II was con- 
firmed with overall error scores, with savings scores or with first-trial 


| 
| 
| 
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choice scores, Although novelty did not interact with overtraining in the 
predicted manner, it did affect behavior in Problem II. It was found 
that Ss wo had been extensively trained on a dimension, and who were 
respondiis systematically to stimuli along that dimension, could never- 
theless aitond to another dimension when novel stimuli were introduced 
along it. Although all Ss made the same choice response on the first trial 
of reversa], the latencies of Groups CN and OTN increased relative to 
the pre-reversal level, whereas those of Groups CO and OTO did not. 
Since, froni the point of view of S, nothing had changed prior to the 
response except the irrelevant stimuli for Groups CN and OTN, it is safe 
to infer tliat the first-trial effect resulted from that change. While choice 
and latency measures seem to be varying independently on the first trial 
of reversul, the results for subsequent trials are not so clearcut. With 
respect (o latencies, the significant novelty effect and the significant 
trials elîvet taken together with the lack of a trials by novelty interaction 
indicato ‘at Groups OTN and CN were taking longer to respond than 
Group: OTO and CO throughout the first 30 trials of reversal, but that 
the laicncies for all four groups were decreasing at the same rate as the 
problem was learned. The choice measures reflect a quite different sort 
of behavior, since the error rates of Groups OTN and CN fell off at an in- 
ereasinelv lower rate than those of Groups ОТО and CO as indicated 
by the significant trials by novelty interactions. Thus, although the 
addition of novel irrelevant stimuli did not significantly affect the overall 
number of trials necessary to learn the reversal, it did affect the behavior 


on the trials during which the problem was being learned. Furthermore, 
the effects were different when measured by latency than when measured 
by error scores, The latency data suggest that Groups OTN and CN are 
attending to the irrelevant dimension throughout the first 30 trials of the 
reversal and the error scores suggest that they are responding to the 
novel stimuli to a greater degree as the problem progresses. In this experi- 
ment, it is not possible to determine exactly which responses are being 
made to the irrelevant stimuli since a given stimulus object consists of one 
relevant and one irrelevant stimulus. It does seem, however, that the 
course of the reversal goes as follows: Initially, the introduction of novel 
irrelevant stimuli attracts attention to the irrelevant dimensions but the 
instrumental response is nevertheless made to the stimulus which was 
consistently reinforced during training. As the problem progresses and 8 
learns that responding to the positive training stimulus is no longer 
reinforced, such responding stops. At this point, S can either respond to 
the negative training stimulus or to stimuli along the irrelevant, dimen- 
sion. The data of this experiment suggest that the latter predominates 
when the stimuli along the irrelevant dimension are novel, but that the 
Tormer predominates when no change is made in the irrelevant dimension. 
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It is likely that both dimensions are responded to, to a degree, b 
the novelty groups respond predominantly to the irrelevant dim 
whereas the others respond predominantly to the relevant dimension. 


Conclusions 


The present study fails to provide strong evidence in support of 
pothesis I. Under no conditions was overtraining found to interaet 
novelty, on either learning or latency measures. At best, it can be sta 
that the introduction of novel irrelevant stimuli interrupts firs 
perseverative choice responses in reversals when Ss have received mii 


training is used. 
Qualified support was found for Hypothesis IT. The ORI; was four 
in the retarded children of this study when a 24-hour perio! interv 
between training and reversal, but not when reversal followed immi 
ately after training. While reversals have been found to be !:-ilitated | 
delay, a similar finding for the ORE is unique, and no expl: ation fi 
is immediately obvious within the boundary of current theory p 
The finding that the choice responses behaved different!» from 
latencies in Exp. III merits a comment. The difference may refi 
different processes or may simply reflect differences in the -ensitiv 
of the measures. In either case, since latency data are virtually 
existent in the diserimination literature for human Ss, the problem wi 
seem to warrant more careful serutiny in the future. 
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Young Children's Initial and Changed Names f 
Form-Color Stimuli! 


REGINA A. MODRESKI® AND ALBERT E. Goss 
Douglass College, Rutgers—The State University of New Jersey 


In naming form and color stimuli, 3-, 4-, and 5-year-old children m 
sponded initially more often with conventional or adequately descripti 
names for form than for color, Frequency of form names increased w th 
age; frequency of color names decreased slightly. With few exceptions, 
naming was by form or color alone, not by both. Those children who wi 
subsequently trained to name stimuli by form and color used both name 


more often than untrained children. Training increased frequen \ of color 
names more than that of form names, 


This experiment investigated young children’s naming responses Û 
stimuli that differ in form and color. The objectives were: (a) to 
initial naming responses to these stimuli by males and females of ај 
3, 4, and 5 years; (b) to determine effects of training with convent 
names for form and color on initially incorrect and incomplete nam 
responses; and (е) to determine maintenance of and generalization û 
naming responses after training. 4 

Data on initial naming responses complement data on children’s pr 
erences for form and color by motor choice (e.g., Brian and Goodenou 
1929; Kagan and Lemkin, 1961; Suchman and Trabasso, 1966). Such dal 
and information on training and on maintenance and generalization 
requisite to effective planning and theoretical interpretation of 
of experiments on verbal mediation in children’s conceptual behavior. - 


METHOD 
Stimuli 


For initial assessment and training, the stimuli were 12 form-¢ 
combinations. Red, blue, green, and yellow construction paper was 
into squares, circles, and equilateral triangles, each 1 square inch in à 
Each figure was centered on a white, 5 X 5-inch card. 


"К. A. Modreski undertook this research as an NIMH fellow at Douglass Co 


during the summer of 1967. It was completed with support through Public 
Service Research Grant MH 13531-01, 


* Now at the Department of Psychology, Pennsylvania State University. 
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Added for the posttraining assessment were rectangles, ellipses, and 
isosceles tri:ingles, also 1 square inch in area, in each of the four colors. 
Twelve figures had the long axis horizontal and 12 other had the long axis 


vertical. 


Procedure 

Pretraino assessment. Pretraining assessment was the same for both 
experiment! and control conditions. Each of the 12 stimuli was presented 
once, and then again, for about 10 seconds each time. The stimuli were 
in a differeııt random order for each trial, and each S received a different 
order of presentation, The children were tested individually under instruc- 
tions to “Tell me whatever you ean about these pictures." No informative 
feedback :ı bout responses was given. 

Trainin). The first of two successive, daily, training sessions began 
immediately after the initial assessment. Children of the experimental 
condition had instructions and conditions like those of a paired-associates 
task witli an anticipation format. The form-color combinations were 
stimulus members. Conventional names for the color and form of each 
stimulus, spoken by E in that order, were response members. Approxi- 
mately 5 -conds were allowed for anticipation of color and form names. 

Firsi-scssion training was to а 22/24 criterion or for five more trials. 
Second-«c«« ion training the next day was to the 22/24 criterion or for five 
more trials, Thus, total training was to a repeated criterion or 10 trials. 

Children of the control condition continued to see and name the 
stimuli for three additional trials, or until they became restless. No 
information was provided by E. They returned the next day for five more 


trials. Thus, these Ss had up to eight trials. 

Posttraining. Immediately after the last trai 
of the enlarged set were each presented once. A 
presentation was used for each S. Instructions an 
used in pretraining. 


ning trial, the 36 stimuli 
different random order of 
d conditions were those 


Subjects 


Five males and five females, ages 3, 4, and 5 years, Were assigned in 


order of availability to a counterbalanced, prescheduled experimental or 
control condition. The respective age ranges in months were 36-46, 49-59, 


and 61-71. The mean ages for males and females in each condition were 
approximately equal within an age level; the respective means were ee 
53.75, and 64.25 months. 

The Ss were obtained primarily by mail so 
children of the desired ages and permitted t 
Were informed of the purpose and nature of the stud 


licitation of parents who had 
hem to participate. Parents 
y. The solicitation 
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and returns were primarily among parents, one or both of whom 
graduate students at Rutgers University in New Brunswick, a 
were living in University housing. The Ss were predominantly mi 
born whites; one was a native-born black, and two were from а 
Rican, white family. Two Ss were of Chinese origin, and опе each 
Egyptian, Indian, Israeli, and Italian origin. All of the latter Ss had 
in the United States at least a year. All spoke understandable 
and named in a way similar to the native-born Ss of comparable а 


sex. No more than one foreign-born S was in any eombination of а 
and conditions. 


RESULTS A 

Pretraining assessment, Names for particular stimuli were catego 
as conventional, adequately descriptive (e.g., “block” for square, “ 
for circle, “tent” for triangle), and inadequately descriptive (e.g. “bl 
for green, “sun” for green square). Responses in the first two са! 
which corresponded with the particular form or color of а stimulus 
considered “correct.” Responses that did not correspond (c.:., “blue” f 
green; “circle” for square) were considered "incorrect," as were 
quately descriptive names and failures to name one or both values а 
a dimension. The range of correct responses for each attribute was 
per trial. 

Table 1 contains confusion matrices for correct and incorrect eonye 
tional color and form responses to each stimulus. Frequencies at each 
are for males and females of experimental and control conditions d 
both trials. Correct and incorrect adequately descriptive names, and 
adequately descriptive names are markedly variable, and part 
names in these classes occur infrequently. Therefore, these responses 8 
not included in the confusion matrices. L 

For each color of each form, frequencies of correct form names inere 
and frequencies of incorrect form names decrease with age. For 
form, frequencies of correct use of “red” decrease with age. Frequ 
of correct use of “blue,” “green,” and “yellow” are relatively consta 
across the three ages. Square stimuli and red stimuli are named correctl 
somewhat more often than the other forms and colors. 

Frequencies of both correct conventional and correct adequately 
seriptive names on each trial were also determined for each S. Ine 
of the latter responses provides more complete representation of Ss’ 
ing by form and by color. Table 2 shows means of the totals of both clas 
of responses during Trial 2 for each combination of age, sex, and 
dition. Trial 2 is used because training began after this trial, and | 
over-all mean is slightly higher than that for Trial 1. However, the di 
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TABLE 1 
Сохғі ox MATRICES or Frequencies or CONVENTIONAL Form NAMES 
(Square, S; Circle, C; Triangle, T) AND оғ CONVENTIONAL COLOR 
Naves (Red, R; Blue, B; Green, G; Yellow, Y) ғов ЕАсн Form- 
CoroR STIMULUS BY Ss or AGE 3, 4, AND 5 YEARS“ 


Form Color 8 с АК 
8 n 10|15| 24| 1| 1 1 1 
n 10|15| 26| 1| 1 2 1 
G 13 | 16 | 26| 2 
Y 10 | 16 | 26] 5 1 
© All | 43 | 62 | 102| 9| 4 4 2 
t 4|n|1o 
n 4|12]|17 
1 G 1 5 | 10 | 17 
Y 1| 9|18 
All 1 14 | 42 | 71 
n 9 2 4|13|22 
B 9|4| 3 4 | 10 | 22 
© 8| 4 1 5|11|20 
Y 7) 4341 ae 7| 12 | 21 
АЙ | 33] 9 1| 20 | 46 | 85 
R B G Y 
ee 
$& | R 13| 9| 10 1 
с | 12| 8| 9] 1 
I 13 | 10| 7 
All 88 | 27 | 26] 1| 1 
8 в 1 7| 6| 9 1 
c AL 81 7 911 
T 3 7| 8| 8| 2 
All Bal d 22 | 21 | 26] 3 1 
8 G 1 uj 9| 9 
© 1 9| 9/1 
T 2 9| 9 "s 
1 29 | 27 
" Y R 8|12| 8 
C 1 1 8 | 10 | 10 
T 2 $|nu|7 
All 5 MON Pe ee cd 
_“ | з eee 


* Row frequencies for each stimulus at each age are based on 40 possible responses 


by 20 Ss during two trials. 


ent 
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TABLE 2 Я 

MEANS or TOTALS or ConnEcT CONVENTIONAL AND ADEQUATEI.Y Ев RiP: 
Names For Form (Е) AND Cotor (C) VALUES or TRAINING STIMULI 

Mate (M) AND FEMALE (Е) Ss or EXPERIMENTAL (Е) лхо CONTROL - 

(C) CONDITIONS DURING TRIAL 2 OF PRETRAININ; 

AND DURING POSTTRAINING 


Pretraining Posttraining 
pe ES Шз Gy o» + 


Аре Бех Condition F Cc Е 
3 M E 6.6 2.6 86 
с 1.6 2.4 4.0 
Е Е 5.8 4.2 6.8 
c 3.8 2.8 4.0 
4 M E 6.8 5.6 11.6 
с 5.6 4.6 6.6 
F E 8.6 0.0 9.8 
c 8.8 0.8 9.6 
5 M E 11.0 0.0 10.4 
C 7.2 2.7 10.0 \ 
F E 8.4 4.6 9.4 Н 
с 7.4 5.0 9.8 5 
ct IU Es E T 


ference between these means was not significant (F (1,48) = 3.31, \ 
05), and trials did not enter into any significant interaction. p 

Across combinations, form names occurred more often than color na 
(F(1,48) = 20.35, p < .01). The differenee held for combinations 
rately, 3-year-old boys of the control condition excepted. Form 1 
increased with age; color names decreased slightly. Across form 
color, correct names inereased with age (F(248) = 6.18, p < .01 
the interaction of аре and form-color names fell short of signif 
(F (2,48) = 2.71, p > .05). Sex and, for initial assessment, the du 
variable of conditions made по difference either across other combi 
or in any interaction. 

Whether or not color names and form names for 


correct adequately and inadequately 
for green) and form names (e.g., "square" for circle) were added to 
for correct names to yield frequencies of all color names and of all. 
names. For 3-year olds, frequency of all form names i ww more | 
that of all color names. For 4- and 5-year olds, there were only slight 
creases in these frequencies, Although less pronounced, the increa 


bl 
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frequencies of form names with age held, as did the slight decrease in 
color naines, 5 

Examination of individual protocols showed that most Ss named. by 
form or by color alone. Only three of the 60 children named frequently 
and consistently by both form and color. 

Training. Only 6 of 30 Ss in the experimental condition failed to reach 
22/24 correct within 10 trials. Three were 3-year olds, one was a 4-year 
old, and two were 5-year olds. Trials to criterion decreased with age, but 
the overall differences were not significant (F (1,24) = 2.50, p > .05). A 
significant relationship held between trials to criterion and totals of cor- 
rect names on Trials 2 of the initial assessment (Pearson 7(28) = —.60, 
p< Юй). 

Posttraining. Names for the 12 stimuli of pretraining-training were ana- 
lyzed separately from names for the 24 new stimuli, Table 2 also shows 
means of totals of correct color names and form names for the former 
stimuli. Across age and sex, and for the six combinations separately, 
training increased frequencies of color responses relative to frequencies 
during pretraining and to frequencies for the control condition. Training 
produced much smaller increases in frequencies of form names and, for 
5-ycur-old males, there was a slight decrease. Those increases that oc- 
curred were in conventional names rather than in adequately descriptive 
names, For the control condition, most of the changes were slight 
increases, 

The critical comparisons are between experimental and control condi- 


tions during posttraining. Form names occurred more often than color 
names (F (1,48) = 10.31, p < .01). Both form and color names occurred 
more often for the experimental than for the control condition (F (1,48) = 
25.42, р <.01); for males than for females (F(1,48) = 421, p< 05); 
and with increasing аре (F (2,48) = 433, p < 05). Of the interactions 
of these variables, only that for conditions and sex approached signifi- 
cance (F(1,48) = 3.06, р > .05). The difference between experimental 
and control conditions was greater for boys than for girls. The 
patterns of differences obtained for all form and all color names. —— 

For the additional stimuli, conventional and adequately descriptive 
form names (X = 13.03), occurred more often than did color names (X = 
9.75, F (1,48) = 3.78, p < .05). Form and color names combined occurred 
more often for the experimental condition (X — 13.73) than for the control 
condition (X = 9.05, F (1,48) = 11.83, p < .01). The F(248) = 338, p < 
05 for means of form and color names combined of 8.92, 12.25, and 13.00 
for 3-, 4-, and 5-year olds, respectively. The pattern of the interaction of 
age, sex, and form-color names (F (2,48) = 3.68, р < 05) is neither de- 
scribed nor interpreted easily. Sex appeared in no other significant Fs. Al- 


same 


+ 
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though the differenee between means of form names and color names was 
less for the experimental than for the control condition, the interaction 
was not significant. 

The pattern of differences obtained for all names was similar to that 
for correct names. However, the Fs for age and for the interaction of 
sex, and form-color names were not significant. : 

Examination of individual protocols of Ss of the experimental condition 
showed that 21 and 15 Ss, respectively, responded consistently to the 12 
training and 24 new stimuli with names for form and color. Five and nine 
Ss responded by form, two and four by color. For the control condition | 
only three and four Ss, respectively, responded to the training and new 
stimuli with names for om and color. Eighteen and 18 Ss responded E 
form, eight and seven by color. The remaining Ss of these conditions did 
not respond in discernible patterns, 


DISCUSSION 


Goodenough’s 4- and 5-year olds. Thus, the patterns of initi:| names an 


the studies noted here, and other studies not mentioned explicitly, dil 
markedly with respect to kinds and numbers of specific stimuli, man 
of their presentation, Tesponse requirements, details of characteris 
the children, and criteria for scoring or including responses. The 
agreements or disagreements between patterns of names and of m 
choices of young children are at best tentative and of limited general 

For both groups and individuals, young children’s initial naming | 
sponses to form-color stimuli are not equiprobable. Indeed, they are li 
to respond with form names alone, or with color names alone. In stu 
of conceptual behavior, particularly those that involve verbal mediat 
initial naming responses could be determined. Subsequent verbal | 
training could be specific to particular initial patterns of relatio 
between stimuli and names, 

Training. In relatively few trials conventional names for the colors 
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forms we; used more correctly and completely. The speed with which 
children + ııired these names tended to increase with age. 

Posttro о. During posttraining, the 12 training stimuli were presented 
with 24 ıı — -'imuli, and E no longer provided correct conventional names. 
The nan) - acquired during training were maintained during the post- 


although at frequencies below those of the last training 


training | 

trial. Al~: e names generalized to the 24 new stimuli. This outcome 

could be |); -cribed as training-induced “conservation” of form. 
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Errata 


Vol. 6, No. 4 (1968), in the article, *Look- by Preschoolers at 
perimenter in a Choice-of-Toys Game: Effecis oi Experimenter and A 
of Child," by Lauren Harris, pp. 493-500: r 

Page 496, line 4 from top, ^... mean proposition scores , , . 2 
read: *... mean proportion scores...” 


Vol. 7, No. 2 (1969) in the article, “Dimension Preference and Ре 
ance on a Series of Concept Identification Tasks in Kindergarten, 
Grade, and Third-Grade Children,” by Merrill M. Mitler and 
Harris, pp. 374-384: , - 

Table 3 on p. 381 should appear as follow: 


TABLE 3 
MEAN NUMBER or TRIALS TO CRITERION FoR 111-1 DiwENSION (Nu MBE 
FOR CONTROL Ss AND COMPARABLE 1511 RIMENTAL Ss 


Mean 
E O 
School Control Ss Experimental 88 
Kindergarten 37.2 57.8 
N-1 N29 
(SD — 20.87) (SD = 24.55) К 
"Third-grade 9.2 18.8 
N =6 N=4 
(SD = 2.67) (SD = 16.4) 
Total N=17 М = 18 


* Because there were only four Ss in this experimental group-cell, four add 
were tested. A one-way analysis of. variance still failed to disclose a difference 


N = 8, Control mean = 9.2, N = 6, F = 148, df, dj = 1/12, p > 40) It 


mentioned that the original mean of 18.8 and the new mean of 23.9 are distor 
high scores and therefore are not. representative, 
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Here is a book which explains the 
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undergraduate course in child psychol- 
ogy, this text integrates the chronolog- 
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a unified view of psychological develop- 
ment from infancy to late adolescence. 
Such topics as stage theories, percep- 
tion, language, and internalization are 
discussed within this theoretical frame- 
work. The authors give special attention 
to the cognitive development theories 
of Piaget, Bruner, Kagan and Kohl- 
berg, and to social variables such as 
patterns of child rearing and learning 
problems of disadvantaged children. 
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ADJUSTMENT: MODELS | 
AND MECHANISMS 


By Irving Tucker 
American University, Beirut 
The author provides a comprehensive and systematic integra- 
tion of those laboratory and clinical research fin lings that 
contribute to our current understanding of human ; ersonality 
and adjustment. While there is significant stress on the psy- 
chology of learning, the effects of physiological processes and 
social conditioning are also carefully examined. Numerous 
graphs and schematic sketches precisely illustrate points 
developed in the text. 


CONTENTS: 

The Behavior Science Approach. Biology and Stress. Motivation 
and Emotion. Principles of Learning—l. Principles of Learning 
—1l. Frustration. Verbal Behavior and Thought Processes. Social 
Learning and Imitation. The Self Concept and the Learning of 
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sonality Defense. Complex Modes of Human Adjustment. 
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s volume views second-language learning in 
light of mathematical learning theory. It de- 
ribes a series of sixteen experiments involving 
he acquisition of Russian by native American col- 
‚бе students and dealing with phoneme discrimi- 
ition, phoneme-grapheme correspondence, and 
e learning of vocabulary, morphology and syn- 
tax. The authors formulate mathematical learning 
iodels and apply them to the experimental data. 


ıe book is written as a series of technical experi- 
ental reports. Discussions of psycholinguistic 
ictors appear separately from the application of 
nodels. 


CONTENTS: 
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Semantic Relationship and the Learning of 
Syntactic Word Pairs in Children! 


Josera W, GALLAGHER 
University of Alabama 


The present study examined the influence of semantic consistency (mean- 
ingfulness) and anomaly on the learning of three types of syntactic pairs, 
The results showed that meaningful pairs are learned with fewer errors than 
anomalous pairs. The difference between meaningful and anomalous pairs 
increased from kindergarten to grades 1 and 3. This was interpreted as a 
manifestation of the development of the semantic system. However, there 
Was a decrease between the meaningful and anomalous pairs from grade 3 to 
gride 5, Meaningful noun-verb and adjeetive-noun phrases were learned with 
fewor errors than verb-noun phrases. No differences were found among types 
9! phrases for the anomalous pairs. 


Several studies (Marks and Miller, 1964; Miller and Isard, 1963), using 
adults. have reported that semantically correct sentences are dealt with 
more readily than anomalous sentences. Miller and McNeill (1969) , using 
children, have presented data that suggest that children 5, 6, 7, and 8 
years of age recall more semantically correct sentences than anomalous 
Sentences (no statistical evidence was given). Katz (1966; p. 1961) has 
noted that anomaly may not only exist on the sentence level, but may 
exist between any two constituents, This indicates that syntactic word 
pairs can also be considered as anomalous when the two words are seman- 
tically inconsistent. It is expected in the present study that meaningful 
pairs will be learned faster than anomalous word pairs at all Age levels. 

Miller and MeNeill (1969) also suggested that an interaetion existed 
between the semantic consistency of the sentence (meaningful уз. anom- 
aly) and age level. Miller and MeNeill (1969) reported that the difference 
between the number of meaningful and anomalous sentences correctly 
recalled increased as a function of age. The present study was designed 
to examine the influence of semantic relationship on paired-associate 
(PA) learning of three types of syntactic pairs—adjective-noun d 
noun-verb (NV), and verb-noun (VN). The present study also ү 
the age range to include children up to 10% years of age. It is expecte 

* Thi by a University of Alabama Research Committee 
ege o Grant HD 124 made to the Psychology Depart- 


ment, University of Alabama. 
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that the difference between the ease of learning the meaningful and 
anomalous pairs should increase as age increases. 

Miller and MeNeill (1969) also suggest that only small changes 
occur across ages 5-8 for anomalous materials. Furthermore, they 
that adults (older Ss) would recall only slightly more than the 8 
olds they employed. The present study will examine these predictions 
using grade-5 Ss. 


METHODS 


Subjects.* A total of 144 Ss were employed. Thirty-six Ss from eael 
kindergarten (Kg), grades 1, 3, and 5 were used. The mean chronol 
age (CA) of the children in Kg and grades 1, 3, and 5 was 5 yr. 1 mo. 
7 mo., 8 yr. 5 mo., and 10 yr. 6 mo., respectively. The Kg children wen 
domly selected from a pool of 40 Ss attending the University of Alaba 
kindergarten. The children in grades 1, 3, and 5 were randomly sel 
from groups of 63, 58, and 65 children, respectively. Ss from eac 
level were randomly assigned to one of four lists (two mc: ning 
two anomalous). These Ss were employed so that one S on ach lis 
used before another S was used from the same list. This wa: done f 
age levels. All Ss at one age level were used before another nge leye 
started. 

Lists? Four lists of nine word pairs were constructed. Lists I ат 
consisted of meaningful syntactically correct word pairs such as “ 
fell” and “loud boy.” Lists III and IV consisted of anomalous word 
such as “chair talks” and “loud air.” Each list consisted of three 
three NV, and three VN phrases. All stimuli were taken from 
Palermo-Jenkins (1963, 1964) norms for grade 5. The free associ 

strength (FAS) values between all stimuli and responses was | 
(Palermo and Jenkins, 1963, 1964). Interitem associations among 


stimulus items was 0.0% (Palermo and Jenkins, 1963, 1964). Inte 
associations among the response items were judged to be minimal by tl 
All words were at least 30 on the Thorndike-Lorge (T-L) J scale (Thor 
dike and Lorge, 1944). Word frequency was approximately the sam 
all four lists for both the stimulus and the response words. All wi 
employed were correctly defined by independent groups of 10 chil 
from Kg and 10 from grade 1. A 
Adult judges agreed 100% as to which pairs were meaningful 
nonmeaningful. It was assumed that adult judges would have a comp 


*The author thanks Dr. Jacqueline Davis, Director, University of Alabamı 
вегу School and Roger Ballard, Principal, Vestavia Elementary School, Tus 
County Schools. 


* The lists of word pairs are available upon request to the author. 
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веб o! semantic markers for the words employed. Thus, an increase in 
learning rate found between the meaningful and anomalous pairs across 
age l« vel could be attributed to the growth of the child's semantic system. 

Apparatus and procedure. A Wolensak tape recorder was used to pre- 
sent ‘he materials. The presentation rate employed a 4-second anticipa- 
tion interval during which the stimulus word was said at the beginning 
of the interval, followed by a 4-second interval at the start of which S 
heard both the stimulus and response repeated together. An 8-second 
intertrial interval was used during which the S heard nothing. 

The E informed the Ss that they would hear words on the tape recorder 
and their job was to learn which words went together. Each S was given 
practice with two pairs—one meaningful and one anomalous pair. During 
Trial 1, which was a familiarization trial, Ss were instructed to say aloud 
everything they heard. After Trial 1, Ss were instructed to say aloud only 
the sponse word when they heard the stimulus word. Six random orders 
of p'^sentation were used for each list to prevent serial learning. Ss were 
run ^r 15 trials after the familiarization trial. 


RESULTS 
Tuble 1 presents the means and standard deviations for the three types 


of phrases and two types of pairs at four age levels. It can be seen that 
the «lifference between the meaningful and anomalous pairs increase as age 
TABLE 1 
MEANS AND STANDARD DEVIATIONS FOR THREE TYPES or PHRASES 
AND Two Tyres or PAIRS АТ FOUR AGE LEVELS" 
Meaningful 
NV AN VN Total 

Grade - 

level X SD ag SD X SD 2 SD 
Kg 8.83 3.62 9.00 3.74 14.83 4.68 32.66 857 
Ist 2.67 1.97 2.75 2.55 4.58 2.44 10.00 5.66 
3rd 3.42 3.84 2.75 1.96 5.08 2.47 11.25 4.28 
5th 0.83 0.90 1.00 1.20 2.67 1.37 4.50 2.63 

Total 3.94 5.05 3.88 5.25 6.79 7.84 

Nonmeaningful 

Kg 11.83 9.43 12.07 446 1183 3.15 35.83 ug 
1st 8.50 2.10 10.14 5.71 10.58 6.12 29.22 en 
3rd 8.00 3.24 8.76 4.14 8.17 4.17 24.93 ad 
5th 8.92 2:65 5.08 3:48 3.33 246 12.33 { 

Total 7.94 7.86 9.16 7.1 8.48 6.85 


* The means and standard deviations are for the nontransformed data. 
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increases, except at grade 5 where there is a decrease. It can also bes 
that, for the meaningful pairs, there is no difference between the NV 
AN phrases while these two types of phrases are learned with fewer 
than the VN phrases. For the anomalous pairs, fewer errors were m 
the NV and AN phrases, but a greater number of errors were made on 
AN than on the VN phrases. In general, performance increases ав | 
increases. However, for the meaningful pairs, grade 1 made slightly f 
errors than grade 3. í 

Due to apparent increase in variance with an increase in age, а F 
test was conducted. The Fmax was 77.61 (p < .01) indicating a lack 
homogenity of variance, In view of this, the transformation x! = 4 
Vx-+1 (Winer, 1962, р. 220) was applied to the data. The Fmax on 
transformed data was 2.31 (p > .05). АП of the statistical tests conduc 
were done on the transformed data. : 

An analysis of variance was conducted on the number of errors acros 
Trials 2-16, The analysis consisted of two-between-S factors, (irade 
(Kg, grades 1, 3, and 5), and Type of Pairs (meaningful and «потай 
and one-within-S factor, Type of Phrase (NV, AN, and VN). 

The main effect of Type of Pair was significant (F (1/136) = 116, 
P < 01) indicating that the meaningful pairs were learne with f 
errors than the anomalous pairs. The main effect of Type ог Phrase 
also significant (F(2/272) — 5.515, p < 01). Individual compa: 
were conducted using the Tukey (b) test, No significant (p > .05) d 
ence was found between the NV and AN phrases, Both the NV and 
phrases were learned with significantly (p < .05) fewer errors than 


The Grade Level X Type of Pair interaction was signifi 
(F (3/136) = 3.853, p < 01) indicating that the influence of the Typi 
Pair was not the same at each Grade Level. The difference between 
meaningful and anomalous pairs inereases from Kg to grades 1 and 3, 
this difference decreases as one goes from grade 3 to grade 5. Indi 
comparisons within Grade Level were conducted using the Tukey (b) te 
The results show that the difference between the meaningful and anom 
lous pairs was not significant (p > 05) at the Kg level. For grades 
and 5, the meaningful pairs were learned with significantly (p < 
fewer errors than the anomalous pairs. Individual comparisons using 
Tukey (b) test were also conducted across Grade Level for each of 
two types of pairs. For the meaningful and anomalous pairs, grades 1 
and 5 made significantly (p < .05) fewer errors than the Kg chil 
For both types of pairs, grade 5 made significantly (p < .05) fewer 
than grades 1 and 3, while first and third grades did not differ si 
cantly (p < .05). 
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The Type of Phrase X Type of Pair interaction was significant 
(Е (2/272) = 4.829, р < .01). This interaction appears to be due to the 
fact tlut for the meaningful pairs the NV and AN pairs are learned with 
fewer orrors than the VN pairs, while this same relationship is not found 
for these three Types of Phrases for the anomalous pairs. Individual com- 
parisons were conducted with the Tukey (b) test. For the meaningful 
pairs, ihe NV and AN were learned with significantly (p < .05) fewer 


errors (han the VN, while no significant (p > .05) differences were found 
between the NV and AN pairs. For the anomalous pairs, no significant 
differences were found among the three Types of Phrases. None of the 
other interactions were significant. 

DISCUSSION 


Th. overall finding that semantically consistent word pairs are learned 
with /vwer errors than anomalous pairs supports and extends the results 
of other investigators who have examined the influence of semantic con- 
sistency and anomaly with adults (Miller and Marks, 1964; Miller and 
Isard 1963) and children (Miller and McNeill, 1969) to cover other 
anon):\lous units. 

The significant Grade Level Type of Pairs interaction was expected 
and |o some extent supports the results of Miller and McNeill (1969). In 
the present study, it was found that from Kg to grades 1 and 3, there 
was an increase in the difference between the number of errors made on 
the meaningful and anomalous word pairs. Thus, indicating that as age 
increases, children are better able to take advantage of semantic 
consistency. : 

Miller and MeNeill (1969) suggested there would be little change 
across ages 5-8 for anomalous sentences and that adults would recall 
"slightly more" than the 8 year olds for both the semantically consistent 
strings and the anomalous strings. The results of the present study indi- 
cated that grade 5 (XCA = 10 yr. 6 mo.) children make fewer errors 
than those in grade 3 (ХСА = 8 yr. 5 mo.) for both the meaningful 
(semantieally consistent) and anomalous word pairs employed. The 
difference between the mean number of errors for grades 3 and 5 for the 
meaningful pairs was 6.75 and for the anomalous pairs it was 12.60. AO 
in PA learning, examining the influence of the semantic relationship е- 
tween the words, children beyond 8 years of age appear to show ШЩОДеАвг 
ing abilities to take advantage of both semantic and syntactic properties 
of word pairs. The present study employed a typical PA коршш 
task while Miller and McNeill presented children with sentences maske 
by noise. The children then had to recall the sentences. Since the children 
in the Miller and MeNeill (1969) did not correctly recall a high m 
centage of anomalous sentences, it is suggested that the task may have 
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been too difficult for children (5-8 years) to show increase- in learning 
when anomalous sentences are employed in a recall task. 

The finding that AN phrases are learned with fewer errors than VN 
phrases supports the results of Gallagher (1968) who employed AN and 
VN phrases as response units in а PA task with adult Ss. The finding 
that the NV phrases were learned with fewer errors than thal of the VN 
phrases has not been reported in past research. Presently, there is no 
apparent explanation for this differential responding to the diferent types 


of syntactic pairs. Some specific characteristics of the stimuli that may 
have some influence on the ability of a child to associate words were 
examined. Palermo (1965) reported, in learning nonassoci: (ed paradig- 
matic pairs, that word pairs that consisted of stimuli with steep associa- 
tive hierarchies (i.e., the FAS value of the primary response i: high while 
the FAS of the next four highest responses is much lower) «re learned 
faster than nonassociated pairs with stimuli with flat associative hier- 
archies (i.e., when the FAS value of the primary response 1:11 the FAS 
of the next four highest is similar). In the present stud». the mean 
stimulus associative hierarchy was calculated for the stir employed 
in the AN, NV, and VN phrases, No differences were found itween the 
types of phrases for the mean FAS of the primary responses ior children 
in grade 5. 

In examining the stimulus associative hierarchies of siii ulus words 
used in the present study, it was found that the mean numbc: of different 
associates given to verbs (Mean = 62.5) was greater than tliat given to 
nouns (Mean = 47.3) and adjectives (Mean = 43.8), while a small 
difference was found between the number of associates elicited by the 


nouns and adjectives. To some extent, the results with the NV and AN 
agree with Glanzer (1962) who found that, across trials for the same 5, 
nouns and adjectives elicit fewer responses than verbs. Furthermore, 
when nouns and adjectives were used as stimuli with nonsense syllables as 
responses in PA learning, the mean number of errors for pairs with nouns 
and adjectives was less than that for pairs with verbs. However, Glanzer 
(1962) also reported that the mean number of errors for pairs with adjec- 
tives was less than that of verbs. This is not in complete agreement with 
the results of the present study. Thus, it appears that the differential 
learning of syntactic units may not be attributable to specific stimulus 
characteristics. 

The Туре of Pair X Type of Phrase interaction indicated that differ- 
ences between types of phrases was found with the meaningful pairs but 
not with the anomalous pairs. Since the stimuli were the same for both 
types of pairs, this suggests that differential responding to various phrases 
should be examined in view of the semantie relationship between the 
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words. \gain, this suggests that specific stimulus characteristics may have 
little differential effect on the learning of syntactic pairs since the same 
stimul: produce different results. 
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The Discriminability of Form Among Young Children? 


ROSSLYN GAINES 
University of California, Berkeley 


The ability of young children to discriminate accurately forms which 
varied in complexity, line type, and structure was investigated. Variations 


in complexity or number of sides, in form perimeter from linear to curvi- 
linear to combined linear-curvilinear, and in structure from symmetrical to 
asymmetrical (compact-dispersed) were increasingly difficult. to dis: riminate 
as measured by both errors and latency of response. Sex and 10) were 
unrelated to performance, It was found that nursery, kindergarten, and first 
grade children were all above chance in performance, older children being 
superior. The relations of these data to developmental perceptual th ory are 
discussed, 
When children are asked to select stimuli which vary in physical 
dimensions, two types of information emerge: first, a measure of a child’s 
skill in discerning the variations; second, relations between stimuli 


characteristics and skill, 

Regarding the first set of data, a current view (Bruner, 1966) is that a 
child’s perception is “stuck, autistic, diffuse, concrete, and unsteady.” In 
contrast, approximately 40 years ago, a child’s perception was viewed as 
discrimination “to the limits of sensory acuity, seizing each thing in its 
uniqueness, noting every hair and flea of the particular dog” (Brown, 
1958). Some current studies of infant (e.g, Bower, 1966), child (eg, 
Pollack, 1963) and animal (e.g., Ganz and Wilson, 1967) perception 
suggest that this earlier view of children's "sensory acuity" may have 
some validity. Since these studies did not give information on form dis- 
crimination, the present study was undertaken, 


*This research was supported by USPHS National Institute of Mental Health 
grant MH11234 to the writer, The writer expresses gratitude for the continuing 
cooperation of Francis Boarders and Constance Ackerman of Beauvoir National 
Cathedral School and Peter Rice of Sidwell Friends School, Washington, D. C. Mrs. 
Epp Miller, Betty Bond, and Lynn Skelfo, George Washington University, were 
responsible for careful testing and tabulation of the data, and William Mallory, 
University of California, Berkeley, assisted in the analysis of the data. Dr. Tom 
Trabasso, Princeton University, gave a useful critique of the manuscript. Dr. Norman 
Anderson, University of California, San Diego, has been helpful in suggesting 
methods of statistical analysis. Portions of this paper were presented at the American 
Psychological Association meeting, Washington, D. С., 1967. 
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The 1 :ctries of children's responses to form dimensions have not been 
Чейпеа! l, although those for adults are quite extensive (Michels and 
Zusne, 1965; Brown and Owen, 1967). For adults, differences such as 
jagged: ss, compactness, and elongation clearly alter speed of responding. 
The ей т of these variables on responses of young children has not been 
intensively studied despite research (e.g., Suchman and Trabasso, 1966) 
showing stimulus variables do serve young children as cues in learning. 


Studies of children’s responding to form stimuli frequently use looking 
time a» а dependent variable. In general, developmental differences in 
respons: to varying form structures are examined. For example, Mun- 
singer and Kessen (1966) found that older children estimated asymmetric 
figures better than symmetric figures, but young children estimated sym- 
metric and asymmetric figures equally well. However, Crudden (1941) 
found ‘hat young children had more difficulty differentiating asym- 
metrical embedded figures than symmetrical embedded figures. This 


dilemııı was in part made more explicable by Forsman’s (1967) finding 
that younger Ss’ response time to symmetric and asymmetric figures 


varied with the task: on an estimation of sides task, no differences 
оссцтт «1, but on a matching task, response latencies to asymmetric figures 
were longer. Again, in the Munsinger et al. (1964, 1966) studies, children 


estimaied and categorized 10-sided figures better than 5- and 20-sided 
figures However, Thomas (1966) repeated the latter study with different 
results, Among 6- to 12-year-old children, attention to complexity in- 
creases as the number of sides increases, with 40-sided figures looked at 
longest 
One explanation of the diserepant findings might reside in ое and 
Arnoult's (1956) phrase, “Shape is a multidimensional variable. More 
reliable indices of children's responses to particular dimensions could be 
obtained if choice responses are measured on several form dimensions 
simultaneously. The present study measured children’s latencies and error 
rates in response to several dimensions of form. ‘oe 
First, latency was chosen as à measure because adult discrimination 
latency (Brown and Andrews, 1968) can be used as à distance measure in 
multidimensional scaling. Further, the subjective dimensions ean 19 um 
chophysically predicted from form metrics. The present study E 
Whether the finding that latency increases as complexity Em als 
Characteristic of children's responses. On the basis of adult d poe 
and Andrews, 1968), young children should also take as ^ Sm 
entiate figures which have more sides, are structurally comp/ex, 


complex line type, and have a smaller magnitude of change. VERUM 
variation in contour produced by either subtracting from or adding o 
d (Fig. 2). The general thesis 


total area of the base figure is examine! 
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is that children’s form perception resembles that of adults in that 
physical stimulus characteristics are seen si. complex and that as 
become more complex and the change is stiil liscriminable as an in 
in complexity, latency increases, 


for 


Second, this study varied diseriminability oi differences between 
such as small size variations (1-3 mm), «ucc looking time cou 
related to the child’s capacity to discriminate for variations, as 
to either the child's choice or the stimulus complexity. Children are 0 
asked to find small form or size variations imong forms but without. 
systematic attempt by the experimenter to «cule the difficulty level of 
stimulus variables used in the diserimination task. This leads to Г 
source being attributed to sample or experimental conditions wit 


consideration of the effect of stimulus variables on performance. 
the oddity problem method was selected for (his study, since it 
measures of small form variations. The gencral thesis is that as 
structural complexity, and complexity of linc гуре are still discrimina 


as increases in complexity, the error rate inercases and reflects the coi 
plexity of the figure as accurately as latency monsures, 1 
METHOD 


Stimulus Materials 


The first set of stimulus materials consiste! of 100 form-oddity р 
lems. The level of difficulty was based on reports of young children’s 
ceptual skills (e.g., Hill, 1965; Osler and Koi-iv. 1965), and almo! 
of the problems were designed to be more dificult than young ch 
could be expected to solve. 


Structure: symmetrical compact (e.g. a square) ; 
(e.g, a trapezoid); and asymmetrical dispersed (e.g, an arrow: 
shape) (structure includes the variables of symmetry, compactness 
jaggedness); (c) three Line Types: linear, curvilinear, and com 
linear-curvilinear; (d) three Size Changes were selected: 6-, 3-, and 1 
changes along the perimeter of figures approximately 1 square inch. 
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6-mm “hange was made by using two 3-mm changes on each odd figure. 
The еа range for all figures in the series, as measured by a planometer, 
is 1.4 80 inches. The size changes varied shape several ways and varied 
struclıire two ways. The shape and structural variations comprised: 
(1) sile length extended, (2) side length shortened, (3) corner cut off, (4) 
curvature increased, and (5) curvature decreased. A change in one side 
chansos an adjacent side and the above categories describe the origin of 


the change, rather than the total physical change in shape. 
All figures were drawn by a professional draftsman to specifications. 


The variations in size were randomized among figures and addition to or 
subt 'ietion from the area of the figure was counterbalanced within each 
of tie dimensions (a-d above). The basic figures used are shown in 
Figu« 1. An example of the oddity problem format is shown in Figure 2. 
In e пега], four same figures were compared with one figure in each of 
the ' пее size changes, with an addition and a subtraction in each of the 
3- a| 1-mm changes. Position of changes for the four corner figures were 
cou! erbalaneed within basic figure groups. 


Por to the final statistical analysis it was found that there was no 
sign ‘icant difference in error rate between 6- and 3-mm figures; the 
prob: bility of error was .09 for both problem sets (Suchman, 1967). Since 
ther was no difference in error rate and since the 6-mm problems did not 


incli ie the direction of change variable, these problems were not included 
in tle final analysis. Thus, each stimulus item represents one level of 
side \ness, one structural level, one line type, one size change, either added 
or subtracted, in a 2 X 3 X 3 X 2 X2 design or 72 test items. 
Four-sided Base Forms Eight-sided Base Forms 
Line types M 
Form Structures Linear Сне reat eta ieee Ко M есте ваг 


шш 
mee < У Сч «t 25 a 
Es JAN Ў) oy 29 39 P) 


Fic. 1. Base form for each of the oddity problem size changes. 


422 я ROSSLYN GAINES 


RE x 
а 


Fic. 2. А form oddity example. In this example, the odd item :- in th lo 
right-hand corner. The form variables are four-sidedness, сотре -аѕушп 
structure, and linear line type. The size change is made by removiny one n 
from the length of the base line, Original display size is 5 X 5 inch- 


Procedure 


nursery school, kindergarten, and first grade. The mean IQ was 1 
IQ range was 109-159. The majority of Ss were children of uppi 
parents as measured by income, occupation, and education. E. 

Children were individually pretested for visual acuity using a tum! 
^E" chart and color blindness using the HRR test (Hardy, Rand, 
Rittler, 1954). All Ss included in the study had 20-20 vision (co 
and normal color vision. 

There were 10 oddity-training problems using different shap 
angles and cireles) than those used in the test items. Also, the dise 
tion was easier since the size changes were 8, 6, and 4 mm, rath 
3- and 1-mm changes. j 

All test items were presented in a dark gray console (Munsell 
4.5) with a 5 X 5-inch opening for the stimulus eard. Behind the s 
card was a field containing magnets located in the center of each. 
five figures, The Ss’ task was to “point to the one not the same.” 
used a magnetic pointer which interacts with the magnetic field 
prints (a) the latency from the time the shutter cover was drawn b 
the time of magnetic contact; (b) a binary coding for correct-ine 
and (e) the number of the stimulus item. To ensure constant Ш 
conditions and simulated northern light, the stimulus cards were lit 
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a Масе daylight lamp. The incident light at the screen was 90 foot- 
candles, as measured with a Wesson light meter. Each S's seating height 


was adiusted so that the center of the console display was at his eye level. 

Sine» the important variable was task performance, the Ss were given, 
systeniitically, four types of reinforcement. First, S preselected a toy 
from an array of several five-cent toys (e.g., magnets, gliders, necklaces, 


yo-yo. The S was told that he could have the toy when he finished 
playing the game. Second, S automatically received a marble for each 
correct response. Third, S was given corrective feedback on each incorrect 
response; that is, the part of the form which was different was pointed to 
by E. Fourth, S was verbally praised during training and at the end of 
the session. 

The Ss had two sessions 1 week apart on the 72 form oddities. In the 
first s-ssion, the S had 6 training items and 24 oddity problems randomly 


аттап except for the exclusion of 1-mm size changes. In the second 
session, the S had 4 training items and 48 problems randomly arranged 
excepi lor the exclusion of 6-mm size changes. 
RESULTS 
Two analyses were made of the data. First, the association between 
error and response latency scores and the form variables were investi- 


gated. Second, the effects of sex, IQ, and grade level on errors were 
analyzed, 

First, the error rate was assessed by a 2 X 3 X 3X 3 X2 analysis of 
covariance using repeated measures. In one analysis, the response latency 
scores were the covariate and adjusted the errors for the linear influence 
of response latency scores. In a second analysis, using the same method, 
the error terms were the covariate. In both analyses, the large majority 
of the correlates between the criterion and covariate were not significant 
at the .05 level. Most important, no significant correlations occurred in 
the treatment by Ss interactions. The frequency of significant correlations 
(4 of 62) between error and response latency scores were no more than 
could be expected by chance alone. Further, if the individual correlations 
are assessed in relation to degrees of freedom and number of treatment 
effects (main effects and all interactions), the few significant correlations 
no longer reach statistically significant levels (Guilford, 1956, p. 538). 
Therefore, two separate analyses of variance usmg repeated measures 
were done on the error rates and the response latency scores. | 

А2 х3 х3 X3 X 2 analysis of variance using repeated дош i. 
performed on the error data. The 6-mm size changes were not include 6. 
this analysis because first, 3- size changes yielded as m oe a d 
mm problems (¢ = .14), and second, the 6-mm problems did not per 
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comparison of direction of change (each 6-mm change co:.-:-ted of one 


3-mm change adding to, and one 3-mm change subtracting : un, the total 
area). 

The analysis was made using the UCLA Bi-Med program iV (Bennett 
and Franklin, 1954) and then discarding the pooled error iuu. Ап error 
term for each main effect was derived by the interaction of tıı effect with 
subjects, producing F ratios adjusted for repeated measures. The analysis 
of variance on errors yielded significant F ratios for all main effects ex- 
cept direction of size changes. Table 1 shows the mean crror rates and 
mean latencies for main effects of the analysis. Individual analyses of the 
tri-levels within the main effects were performed by t tests [or correlated 
means. As seen on Table 1, the four-sided discriminations were easier 
than the eight-sided discriminations. Again, symmetrical-co)) act figures 
had lower error rates than asymmetrical-compact figures (/ 3.67, р < 
01) and the asymmetrical-dispersed figures produced the |. «Пеѕь error 
rate when compared with symmetrical-compact and asym): ı rical-com- 


pact figures (t = 3.28, р < 01; t= 5.76, p < 001, respectively). Line 
type was not effective alone but the analysis clearly show» ihat linear- 


curvilinear combined figures were easier to discriminate t! 3 linear or 

curvilinear figures (t = 243, p < 05; t= 5.85, р < .001, 1 spectively). 

There was no significant difference in error rate between lines and curvi- 
TABLE 1 


MEAN Error RATE AND MEAN LATENCY Scores or 30 А ox 


Form DIMENSIONS or Opprry PROBLEMS 


No. of Mean latency 
Dimensions problems Mean error seconds) 

Structure 

Symmetrical compact 24 2.59 8.32 

Asymmetrical compact 24 4.30 9.66 

Asymmetrical dispersed 24 5.42 13.92 
Line type 

Linear 24 4.27 11.02 

Curvilinear 24 5.06 13.62 

Combined Linear-Curvilinear 24 3.00 7.25 
Sides 

Four sides 36 4.86 .30 

Eight sides 36 7.45 12.96 
Size of oddity change 

Three mm 36 3.53 6.59 

One mm 36 8.78 14.67 
Direction of change 

Area added 36 6.50 11.05 

Area subtracted 36 5.83 10.21 
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linear fi »ııres. The 3-mm size change had a lower error rate than 1-mm 

size сһа es. There was no significant difference in direction of change. It 

is possi! le that larger size variations than 1 and 3 mm would produce a 
more o! -crvable effect on direction of change. 

The -icnifieant F ratios are shown in Table 2. In interactions as com- 


plex as ihe present analyses, some trends can be indicated. These trends 
cannot ^e taken to “explain” results without further research. Only one 
variablo. line type, was significant in interaction with all other main 
TABLE 2 
ANALYSIS OF VARIANCE OF Form ODDITY Errors 
ource! df MS F ratios? 

A (Sido Sess) 1 2.82 16.59 
Subjec 29 17 
B (Str jure) 2 2.54 21.17 
Subjec: 58 .12 
C (Lin Туре) 2 1.36 9.71 
Subjec 58 ‚14 
D (Siz ‘ hange) 1 11.56 96.33 
Subjec 29 .12 
Е (Dir. tion of Change) if 19 
Subjec 29 .18 
AXC 2 1.37 11.42 
Subjeci 58 .12 
B x ¢ 4 ES 4.36 
Subjects 116 -11 
CxD 2 1.02 9.27 
Subjecis 58 11 
CXE 2 81 6:28 
Subjects 58 -18 
AXCXE 2 1.27 8.47 
Subjects 58 15 
BXCXE 4 2.52 25,20 
Subjects 116 10 Б 
BXDXE 2 .59 3 
Subjeets 58 .08 ce 
CXDXE 2 .50 5 
Subjeets 58 .09 ded 

m 28 n 
AXBXCXE 4 с 
Subjeets 116 .08 {б 
AXBXDXE 2 d 
Subjects 58 ES 6.64 
BXOXDXE 4 i 
Subjects 116 2 


i i igni .01 are 
“The F ratios for the main effects and for all interactions significant at <.01 а 


reported. 
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effects. No other significant 2-way interactions occur. lxaminin 
error rate means corresponding to each of the main effeci« in the 
line types, it appears that when the line type was lincar-eurvi 
combined, the error rate was lower within sidedness, within stru 
within size of change, and within additive or subtractive changes, 
The significant three-way and four-way interactions were less 
sidedness was statistically significant in only one three-way interaeti 
while line type and additive vs. subtractive were significant in three three: 
way interactions. All variables were represented in the significant five-y 
interactions and require a more complex explanation than atiorded by t 
data. In general, examining error rate means corresponding (o each o: 
five main effects on Table 2, it appears that the easiest (lowest error 
combination ` of. stimulus characteristics was four-sided, symm 
compact, linear-curvilinear combined line type discriminations whe 
3-mm size change was subtracted from the standard. The highest « 
rate was in response to eight-sided, asymmetrical-dispersed, curvi! 
diseriminations where a 1-mm size change was added to the stand 
The analysis of variance performed on the response latency scores 
the same structure as the analysis of variance performed оп error 
namely, a 23x 3X 3x2 analysis using repeated measures, Ag 
the analysis of variance yielded significant F ratios for all main eff 
except direction of size change. Table 3 shows the significant F ratio! 
the analysis of variance and Table 1 the mean latency scores fo 
of the variables within the main effects, Not only are the same eff 
‘ignificant with respect to time to solution as are significant with r 
to error rate, but the direction of the intra-variable differences are i 
cal; that is, response time to four-sided figures was less than to 
sided figures, response time to symmetrical-compact was less th 
asymmetrical-compact figures (t = 2.10, р < .05). Responses to as 
metrical-dispersed have a longer latency than to symmetrical or 
metrical-compact figures ( = 8.19, p < .001; t — 5.24, p < .001, 
tively). In this analysis, responses to linear figures took less time th 
curvilinear figures (t — 3.26, p < .01), but responses to linear-curvilin 
combined line type took less time than to linear and curvilinear line t 
figures (t = 5.86, p < 001; t = 7.89, p < .001, respectively). There 
lower response latencies to 3-mm size changes than to 1-mm size chang 
There were no significant differences in direction of change. 
The significant two-, three-, and four-way interactions require fur 


7 
linear-curvilinear combined line type figure where a 3-mm size 
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TABLE 3 

ANALYSIS OF VARIANCE OF Form Оррітү Response Larency SCORES 

Source? df MS F ratios? 
A (Sidedness) 1 11,727.28 46.04 
Subjects 29 254.67 
B (Structure) 2 6,168.34 33.39 
Subjeets 58 184.74 
C (Line Type) 2 7,379.67 36.09 
Subjects 58 204.46 
D (Size Change) 1 35,194.69 70.14 
Subjects 29 501.71 
E (Direction of Change) 1 374.17 
Subjects 29 96.54 
АХС 2 3,655.55 20.81 
Subjects 58 175.67 
Ах 1 2,074.96 13.19 
Subjects 29 157.31 
AXE 1 2,275.53 17.74 
Subjects 29 128.27 
BXxC 4 1,519.43 12.81 
Subjects 116 118.62 
BXE 2 859.08 6.31 
Subjects 58 136.05 
CxD 2 2,586.54 14.38 
Subjects 58 179.93 
CxE 2 3,607.99 20.14 
Subjects 58 182.15 
AXBXC 4 412.37 3.60 
Subjeets 116 114.63 
AXCXE 2 2,144.51 13.57 
Subjects 58 158.07 
AXDXE 1 872.67 9.70 
Subjects 29 89.97 
BXCXE 4 6,905.01 33.06 
Subjects 116 205.11 
B EE. 2 2,441.31 17.11 
Subjec 58 142.72 
os b EN E 2,035.02 16.67 
Subjects 58 122.19 1 
AXBXCXD 4 343.04 ues 
Subjects 116 96.85 
AXBXOXE n 983.44 ee 
Subjects 116 142.80 
AXCXDXE 2 1,301.82 dis 
Subjects 58 138.30 35 
BXOCXDXE 4 э d 
Subjeets 116 133.66 


* The F ratios for the main effects and for all interactions significant at <.01 are 


reported. 
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was subtracted from the standard. Most time was required {o respond t 
an eight-sided, asymmetric-dispersed, curvilinear line type figure wh 
1-mm size change was added to the standard. 

The relationship between grade level and error rate was compa 
t test. As expected, the higher the grade, the lower the error rate. 7 
first grade ehildren make fewer errors than kindergarten children 
2.90, p < .01) and kindergarten children make fewer errors (han m 
School children (t — 3.86, p < .01). This finding is no way contradie 
analysis of variance showing that young children, ages 4.6-7.6 years, 
make exceedingly small perceptual discriminations. The form oddity 
rate among all Ss indicates that the probability of a S making an 
on level 1 (6-mm size change) was .09, on level 2 (3-mm size chi 
was .09, and on level 3 (1-mm size change) was .23; all above ch 
level. The form oddity percentage of errors per grade level was 796 
first graders, 13% for kindergarten, and 30% for nursery schoolers. 
percentage correct is well above chance level. A 

In addition, the Pearson r between Ss’ IQ and error rate wag = 
indicating no relation between error rate and IQ (109-159 где). ] 


comparison of the mean error rates of boys and girls were noi signifi 
(t = 0.89). 


DISCUSSION 


In this study, young children were found to be surprisingly skille 
diseriminating small form details. Replication of this study with а la 
and more representative sample is eurrently under way. The stimuli 
include 3-, 2-, and 1-mm, rather than 6-, 3-, and 1-mm changes in the ¢ 
figure. 4 

"Though the present results are novel, they are in accord with implica 
tions of some research Suggesting that younger children differentia 
tween perceptual stimuli with considerable skill, For example, Gib 
and Yonas (1966) studying visual search behavior, discovered 
second-grade children were as fast as older children and adults in 
ning one and two targets, despite predictions to the contrary. Po 
(1963) found that, among children 8-12 years old, a tachistoscopie р 

sentation of a line bisecting a field was perceived at lower thresholds 
illumination by the younger children than by the older children. Li 
Wescott and Tolchin (1966) report that in a study of identification. 
incomplete pictures, “Some nursery school subjects do better than 
college subjects and almost half of the first grade scores are in the r 
of the college scores.” The authors conclude that “the lack of discon 
ity in skill is related to personality variables.” It is just as feasible 
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relate high scores in visual task performance to the ability to differentiate 
smal! variations within the form stimulus dimensions. 

An» ther source of relevant data is the study of children's attention. To 
the vı riter’s knowledge, only one study (Ricciuti, 1963) has dealt with 
children’s attention to geometric detail vs. geometric form. Ricciuti found 
that preferred cue utilization was stable across several tasks and that 
for children ages 3-7 years, approximately 20% of all judgments were 
Баве! on stimulus detail rather than geometric form. It is certainly clear 
that for the stimulus materials used, form was a more compelling source 
of attention than detail. But there were “some children at every age level 
for whom the predominant cues are the stimulus details rather than 
over-all shape.” Moreover, young children (Beilin, personal communica- 
tion), on a sameness identity task, continually found small detail differ- 
ences which were irrelevant to the concept being studied but apparent to 
the child. Podell (1965) also refers to such attention to “irrevelant” cues, 
making it necessary, on the basis of a pilot study, to redesign test stimuli. 

Children’s perceptual skills currently are described as interfering with 
their ability to respond veridically (Beilin, 1964), syncretic (Werner, 
1957), and nonfunctional in cognitive processes (Piaget, 1962). It is also 
appurent that there are areas of perceptual development where young 
chil ven have difficulty, for example: the perception of diagonals (Rudel 
and Teuber, 1963), the discrimination between right and left orientations 
(Sekuler and Rosenblith, 1964), and the confusions between b and d, p 
and :; (Davidson, 1935). However, despite young children’s multiple errors 
and multiple difficulties in perceptual discrimination, there is also no 
question that they seem to have excellent, if not superior, skill in dis- 
cerning small detail variations. Earlier writers (e.g., Stern, 1924; Welch, 
1939) described this fine perceptual skill of young children, but generally 
dismissed this skill as nonrelevant to, or interfering with, cognitive 
development. However, despite multiple theories, there are no data 
demonstrating that perceptual skill inhibits the development of cognitive 
skill. In any event, inadequate information regarding the Серов of this 
skill does not counterindicate recognition of young children's perceptual 
skill. 
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Digit Span, Practice and Dichotic Listening Perform: | 
in the Mentally Retarded": 


RICHARD C. UnpANO? AND Kerru С. Scorr 
University of Illinois 


"The role of digit span and practice on the dichotic listening performa 
(DLP) of mentally retarded children was assessed in two experiments, 
Exp. I, the DLP of two groups of 10 Ss was compared in a 2^ 5X2 
factorial design—Groups (high digit span, 6; low digit span, 1) X Se 
length (1, 2, 3, 4, 5 digits/ear) X Half span (Ist, 2nd) X Practico (Day 
2, 3). Digit span had a significant effect on DLP. while practice dil not. 
periment II attempted to replicate some of the effects of Exp. | and e 


MA was found. 


Attention and memory have been of central concern in ›‹зеаге 
theory on learning in the retarded (Scott and Scott, 1968; Zeam: 
House, 1967). One task that involves both processes is the dichotic 
ing task introduced by Broadbent to investigate his information. 
cessing model (Broadbent, 1958). In the work of Inglis (1965 
Neufeldt (1966) the dichotie listening task and Broadbent's theo 
pear as important in assessing developmental and capacity differen: 

Broadbent's model includes an attentional component in the pei 
(P) system, and a memory component in the storage (S) system. 
System is a limited capacity processor that handles inputs successi 
In contrast, the S system is a large capacity processor that stores i 
when the P system is filled. In the dichotic listening task the S is 


"This investigation was Supported by Grant MH-07346 from the Nation 
stitute of Mental Health and Grant HD 02898 from the National Institute o 
Health and Human Development both of the United States Public Health 
The first study was submitted by the first author in partial fulfillment of 
requirements at the University of Illinois. 

*The authors express their appreciation to Dr. Louis Belinson, Superin 
and Mr. William Chambers, Chief Psychologist, Lincoln State School, for 
operation in conducting the studies. 

* Now at the University of Washington. 
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sented with pairs of digits simultaneously, one to each ear. At rates of 
about ‘wo pairs per second the subject reports the digits heard in one 
ear (i^e first half span) and then in the other (the second half span). 
The fi:«t half span is seen as a measure of the P system and the second 
as a ni asure of the S system. 

Inglis, Sykes, and Ankus (1968) showed developmental effects on per- 
formiiice with the task both in children and in the aged; a result that was 
extended to cover capacity differences by Neufeldt (1966). 

Neutfeldt compared the performance of two retarded groups, organic 
(O) and familial (Е), to the performance of one normal group matched 
or CA with the retardates (NCA) and a second normal group matched 
on MA with the retardates (NMA). Following Inglis’s procedure, 


Neufcllt tried to match the groups on digit span. The mean digit spans 
of tli О, Е, and NMA groups were essentially the same (О = 4.53, 
F = 107, and NMA = 4.73), while that of the NCA group was signifi- 
cantiv higher (NCA = 5.60). It is also interesting to note that the mean 
MA ci the NCA group was higher than that of the other groups (О = 


Е = NMA = 925; NCA = 1439). 
Tlo performance of the NCA group was found to be superior to the 


perfe ‘ance of the other three groups which performed at essentially 
the «ie level. The results were interpreted to indicate that learning and 
maturational advantages of the NCA group were responsible for its 
superior performance. The fact that the NCA group differed from the 


other zroups in digit span and MA leads to several alternative explana- 


tions of the data. The differences observed could be a function of: (1) 
the NCA's superior digit span; (2) the NCA’s superior MA; or (3) a 
joint function of both superior MA and digit span. У 

Оп the basis of а series of experiments by Dodwell ( 1964) which re- 
veal no practice effect, Neufeldt used the same groups of Ss in successive 
experiments. Dodwell used a practice list of 10 dichotic items prior to 
the beginning of each experimental session. It is possible that the long 
practice list eliminated any practice effect. Since Neufeldt used a short 
practice list, Dodwell’s findings may not be applicable. 


The present studies then, investigate the effects of digit span у i ad 
tice on dichotic listening performance in a retarded population to tu 


examine Neufeldt's interpretations and findings. 
EXPERIMENT I i 
Subjects. The Ss were from the ambulatory, educable, and qup 
residents at the Lincoln State School, Lincoln, Illinois. On the pn 
performance on a tape recorded, modified WAIS digit LE e PS 
8s were placed in the high digit span (HDS) and low digit span (11^ 
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groups. Performance on the Peabody Picture Vocabulary Test 
to determine the MA and IQ of each S. The 10 Ss in thy H 
(mean MA — 9-1, mean CA — 14-9, mean IQ = 68) had ıı m 
span of 6.2 while the 10 Ss in the LDS group (mean МА 
СА = 14-8, mean IQ = 71.8) had a mean digit span of 4.0. 
Apparatus. A Roberts 720A tape recorder was used io pre 
stimuli through a pair of Grason-Stadler ANB-H-1 headphones. 
earphone was connected separately to one channel of the tape re 
The sets of digits presented were taken from Neufeldt ( 1966) 
corded on each channel as shown in Table 1. A master tape Wi 
with each of the nine digits, 1-9, recorded at the same intensi y 
1 db, and less than 500 msec in duration. Copies of the maste 
were made. Each digit was eut out of the master tapes and вр; 
gether to make the two channels, The channels thus fabricated. 
transferred to the two channels of the sterco tape. Simult:ncity of 


i 
TABLE 1 E. 
Sers or Diarms TAKEN FROM NavrELDT (1966) AND RECORDED ох кєн COR 
Channel 1 Channe! 2 
Practice series 
3 Blank 
B Blank 7 
Cc 3 T 
Test series 5 8 
7 6 
4 1 
6 3 
39 72 
85 17 
38 59 
65 28 
592 174 
793 462 
479 836 
584 719 
5638 2941 
9754 8362 
6542 7918 
9356 4271 
81324 96571 
74682 31579 
57841 29356 
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pair wus checked using a graphic level recorder. The rate of presentation 
was two pairs per second with a 10-second recall interval between sets. 

Thıı u daily sessions of dichotic listening were administered to each 8. 
Each -cssion with a given S began with a brief familiarization with the 
headphones and the presentation of the following instructions (the in- 
structions were taken from Neufeldt, 1966, pp. 6 and 7): “Now listen 
carefully. You are going to hear a number. I want you to tell me what 
number you hear." Practice Series A was played. If S repeated the cor- 
rect number, the procedure was repeated with Practice Series B. If S did 
not respond correctly, the volume was inereased and Practice Series А 


repeated. S was then told: “Now you are going to hear two numbers to- 
gether, one from each ear, Tell me what you hear." Then Practice Series 
C was presented. The Test Series was begun. The practice series was 
used to minimize differences in acuity and allow the S to adapt to the 
experitnental procedure. Prior to each change in length the S was in- 
formed: “Now you are going to hear (N) numbers, (N/2) in each ear. 
Tell ine what you hear.” 

Using the presentation order of series length 1 through 5 for all sub- 
jects confounds Series length and within session effects. Without very 
exteıısive pretraining and with the difficulty of the longer series lengths, 
coun'erbalaneing or randomization of presentation order to eliminate 
the confounding was rejected. Zeaman and House (1960) have demon- 
strated that retarded children receiving a difficult experimental condition 
first quickly form a failure set, thus, producing a worse confounding. In 


addition, in a recently completed study Urbano and Scott (1969) found 


no significant within session order effects. m. 

The scoring procedure was as follows: The first digit recalled was 
taken to indicate which Half span was being attempted first. Each cor- 
rectly recalled digit was counted, order considered. The total number of 
digits correctly recalled from each Half span for each Series length was 
used to calculate the proportion correct for that Half span and ee 
length. Sets where the first digit recalled was not the first digit presente 
on one of the Half spans were given a score of 0. The latter scoring pro; 
cedure assumes that the S will recall the digits from one Half d before 
recalling any from the other Half span. Although other methods о i 
can be used, Neufeldt (1966) and Inglis and Tansey (1967) have ion 
that while more lenient scoring methods do yield systematically Ene 
scores, they do not produce significant interactions with capacity or age 
differences. between Ss factor, Groups 


Design. A factorial design was used with one Í 
(HDS and LDS) and three within Ss factors, Series length (1, 2, 3, 4, 
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and 5 digit/ear), Half span (first and second), and Practice (Day: 
and 3). 'u 


Results 

А 2x 5x2x3 (Groups X Series length X Half span XR 
factorial analysis of variance was performed on the proportion 
recalls. Ss, the replication factor, was a random factor, while thi 
faetors were fixed. An analysis of variance was also performed 
aresin transformation of the proportions yielding essentially th 
results and is not reported here, Figure 1 presents the mean pro 


1.0 


—— —— HDS 


MEAN PROPORTION CORRECT RECALLS 


4 
SERIES LENGTH (DIGITS/ EAR) 


Fic. 1. Proportion correct recalls as a function of Series length is present 


the HDS and LDS groups. 


correct recalls for the HDS and LDS groups, collapsed across Half s 
and Practice levels, as а function of Series length. The main e 
Groups, Ё (1, 18) = 22.35, р < .001, results from the superior p 
ance of the HDS group at every Series length. The main effect o 
length, F (4, 72) = 159.29, р < .001, is a result of the dramatic d 
in the performance of both groups from the shortest to the longest 


gure 2 which presents 
mean proportion correct recalls for the HDS and LDS groups, coll 

across Practice levels, as a function of Series length and Half spa 

superior performance of both groups on the first Half span in comp 
to that on the second Half span is reflected in the significant main 
of Half span, F (1, 18) = 139.68, р < .001, and the significant 
length by Half span interaction, F (4, 72) = 10.58, p < .001. First 
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я FIRST HALF SPAN SECOND HALF SPAN 


i b B Uu Oo - o o 


MEAN PROPORTION CORRECT RECALLS 


о 


l 2 э “Ж ЕВ 
SERIES LENGTH (DIGITS/EAR) 


Fi. 2. Proportion correct recalls for the first and second Half span as a function 
of Sc ıs length is presented for the HDS and LDS groups. 
spar performance is at the same high level for both groups for the 
shor =t series length. The HDS group shows less of a decrement in per- 
Гоги ice as Series length increases. Second Half span performance of the 
HDs group is superior to that of the LDS group on the shortest Series 
lengt'ı but not on the longer Series lengths. The latter differential re- 


lationship between groups as a function of Series length is reflected in 
the significant Groups X Series length X Half span interaction, Е (4 
72) — 15.52, p < .001. 


10 FIRST HALF SPAN SECOND HALF SPAN 


ю шы B ئ‎ Oo اذ‎ 


MEAN PROPORTION CORRECT RECALLS 


I 2 3 4 5 


3 4 5 
SERIES LENGTH (DIGITS/EAR) 
nd Half span аза function 


Fic. 3. Proportion correct recalls for the first and seco: 
of Series length is presented for Days 1, 2, and 3. 
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The effect of practice on performance сап be seen in igure g 
Half span performance was the same on all 3 days. Second 11а spa 
formance was the same for the 3 days except for the -hoi 
length on the first day, The latter difference is reflected in then ni 
of Days, F (2, 36) = 7.42, p < .005, the two-way Days > Series ] 
interaction, F (8, 144) = 2.63, р < .01, the two-way Day. x Half. 
interaction, Р (2, 36) = 299, p < 05, and the three-way interi 
Days X Series length X Half span interaction, F (8, 141) = 288, 
025, The fact that the effect of Practice was not different for th 
groups is apparent from the nonsignificant Groups X Days inten 
F (2, 36) = 55, ns., and all the higher order interactions wi 
Groups x Days component, Groups X Days X Half span, F GS 
1.97, ns, Groups X Days Series length, F (8, 144) = 1 10, па, 
Groups X Days X Series length X Half span, F (8,144) 11а 

Discussion 

The basic findings of the dichotic listening technique. -uperio 

Half span performance and poorer performance as Series 1. «th 


(Broadbent, 1958; and Inglis, 1965) were replicated in the oros 
In terms of Broadbent's model, the superior first Half span perform 


tem capacity. With a larger capacity P system the HDS vr 


be i 

Practice improved performance for the second Half храп at 

shortest Series length only. Since the present study provided a 
opportunity for a practice effect to be manifest, the same list on 
cessive days, it follows that for practical purposes practice is not an 
portant variable in dichotie listening performance. Thus, Neufeld 
sults were not confounded by a practice effect, 

Although the present findings provide a replication of the 
study, they do not support Neufeldt's interpretation of his rest 
the basis of digit span, the HDS group in the present study ix eq 
to Neufeldt's NCA group while the LDS group is equivalent to 
and NMA groups, Neufeldt suggested that the NCA group's 
performance was due to maturational and learning advantages. 
suggested that an MA control is appropriate in dichotic liste 
formance. The former idea has no support in the present data, si 
HDS and LDS groups were both institutionalized retardates. 
idea also suffers, since the HDS and LDS groups had mean MAS Y 
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diffe: | only by 6 months but differed markedly in dichotic listening per- 
forn ce. Neither the present finding nor those of Neufeldt provide 
abo > for assessing the effects of maturation and learning in dichotic 
liste: og performance, The results do suggest that in order to answer 
the ‘ter question it is necessary to control, experimentally or statis- 
tien! (ог the effects of digit span, 


EXPERIMENT П 
V oeriment IL aimed to extend the results of the first study in two 
waı first, by providing а replication of some of the effects observed 
the. second, by examining dichotic listening performanee in two groupe 
of Terent. maturation level ая indexed by MA, but with comparable 
oper ormanee on a digit span pretest, 
Method 


‘jects. The Ss were from the ambulatory, educable, and 
ro onta at the Lincoln State School, Lincoln, Ilinois. Eseh 8 


1 


mı tered the Peabody Picture Vocabulary Test and а tape recorded, 
mı ded WAIS digit крап test, Two groups of Se were selected on the 
bo of MA, The high MA (HMA) group had a mean MA = 10-0, mean 
CA — H-8, and mean IQ = 71.8 while the low MA (LMA) group had 
a can МА = 6-3, mean СА = 13-4, and mean IQ = 880, After the 
^" ding a cheek revealed that the mean digit the two groups 
wo similar (HMA, ? = 43, range 3-6, LMA, 7 = 45, range = 3-3), 

1 cedure. Except for the substitution of MA for digit am Ке 


bn: < for the Groups factor, the procedure and apparatus were 


as Exp. Т, 


Resulta 


\ 25х23 (Groups x Series length X Half span X Practice) 
factorial analysis of variance was performed on the proportion comeet 


recalls, 

An ariance also performed on the aresin transforma- 
Aa ke yielding essentially the same resulte and is 
reported here, Figure 4 presents the —P Na ^ 


the HMA and LMA groups, collapsed over de 
л» a function of Series length. There was no signifieunt diffenmes in 


performance of the two groups, F (1, 18) = 287, na. All two- and three- 
way interactions with Groups were also nonsignificant. for Days 1, 2, 

Figure 5 presents the mean “correct. recalls and Half 
and 3, collapsed over Groups, ав a funetion of mre € dis 
span. Although performance was on the 


SENSES LENGTH (DIGITS/ EAR) 
Fw. 4. Proportion correct recalls function of Series lenet. - 
the НМА and LMA groups. TUA 
shorter Series lengths ая reflected in the significant mais f 
span, P (1, 18) = 172.66, p < 001, and Series length, F (4. 72] 
р < 1001, the decrement in performance with inereased 5. « 


on the í span improved little over days while i; 

on the second Half span improved on the shortest Ser: 

Day 1 to Day 2. The latter performance: . 
‘SECOND 


"| 


SEFIES LENGTH (OIGITS/EAR) 


Fw. 5. Proportion correct venalis for the first and second НАН span as a 
of Series lengths is presented for Days 1, 2, and 3. 
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the in effect of Practice, F (2, 30) = 1109, p € 001, the teo-way 


inter dons of Practice X Series length, F (В, 14) = 873, p < 001, 


ma s task variables affecting diebotie MN performance 


and action X Half span, Ё (2,30) 7.16, p < 005, and the three-way 
inte: ction of Practice X Series length X Half span, Р (8, 14) 441, 
p< l 


| + reulta of the present study provide further replication У the 


me ally retarded, In addition, they 
hu’ different. in maturational level perform similarly, As а 
pr Leal eoneern, this suggests that 
a, opiate basis for matching retanded and probably normal children 
in vestigations of diehotie listening. 

hworetically, the ability of digit span to account for performance on 
a chotie listening task le of some importanee. The claimed ліани 
5 ‘he diehotie listening task ba that И provides separate misure of 
b n memory and attentional processes. If performance on boih Mal 
*p n» ean be mainly predicted from performance on & мини бый 
O it span) alone then this elaim js weakened. The failure to [I 
n. cant main or interactive «бее of МА with фии listening tash 
v. sables constitutes such negative evidenee. Further, snm MA 
di at span are highly correlated while diehotie listening 
р екені mainly from digit span and not MA, the present date 
that the dichotie listening task ke measuring А parameter 
v iation not indexed by МА. 

in view of the systematie ehanges in 

as a funetion of normal 
the potential of indexing 
in needed. Two interdependent lines of түт ым, 
тудан! differences tmd {he relationship nent indi 


il 


| 
iii 
HHI 
ih 
О 


442 URBANO AND SCOTT 


two related facets. First, the relationship of MA, digit span, and 
айе difference in dichotic listening should be delineated using a 
lation with a wide range of MA and digit span. Second, the relat 
of systematic individual differences and parameters should he det 
by evaluating the effects of manipulating such task param 
presentation rate, recall interval, and stimulus material. 
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The Development of Cooperation in Alternative 
Task Situations? 


Dennis E. MrrHAUG 
University of Washington. 


This study is a follow-up of previous work by Mithaug and Burgess 
(1967, 1968) which suggested that when (a) subjects are permitted to watch 
their points accumulate on individual and group task counters and (b) are 
free to work together on the group task or alone on individual tasks, i.e., 
during the condition of group and individual reinforcement with individual 
feedback, cooperation does not develop. The present study investigates this 
finding in more detail. Children, ranging from five to ten years of age, were 
divided into four three-member groups. The data indicate that cooperation 
can be produced in alternative task situations when (a) rewards resulting 
from the group task are greater than rewards resulting from individual tasks 
and (b) task situations permit subjects to learn to discriminate between 
group and individual tasks in terms of their relative payoffs. 


An experimental analysis of developing cooperative patterns in two- 
person groups has been applied by a number of investigators (Azrin & 
Lindsley, 1956; Cohen, 1962; Cohen & Lindsley, 1965; Lindsley, 1966). 
Mithaug and Burgess (1967, 1968) have extended this method of 
investigation to three-person groups. Groups were confronted with the 
task of accumulating points on electromechanical counters by using 14- 
key piano keyboard instruments. However, they were given no specific 
instructions for using the instruments to operate the counters. The only 
instructions given were that points accumulated on counters would be 
exchanged for pennies and that they could press any one key as fast and 
as many times as desired during a given trial period. i 

The question under investigation was: What conditions will produce 
cooperation? Although not explicitly defined or discussed in these terms, 
their working definition of cooperation was coordinated behavior that 
completes a common task, i.e. produces points on а group counter. Y 

The tasks involved were of two types, one group task and three iden- 
tical individual tasks. For the group task, represented by a group counter 
situated in front of the subjects, points could be earned jointly when 
all three pressed a predesignated key at the same time. For individual 


‘For reprints, write to the Experimental Educatio. 
Mental Retardation Center, University of Washington, 
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tasks, represented by three counters situated beside the instrumer 
each subject, points could be earned separately by pressing the 
key. 

Mithaug and Burgess (1968) observed that a coordinated. 
involving a division of labor, two persons holding the prodesignai 
and one person pressing it, was more effective at producing ро! 
the group counter than pressers chanting “one, two, three, four, 
gether in order to aid coordination, which in turn was more e 
than three pressers responding rapidly in an uncoordinated fashioi 

Coordinated behavior resulting in increased point accumulation 
occurred during a condition of group reinforcement with in 
feedback. However, in alternative task situations, cooperation d 
develop. During this condition, subjects could choose to work on 1 
or individual tasks; both group and individual counters wore back 
penny rewards. The data indicated that point rates for individual 
were higher than for the group counter, 

Mithaug and Burgess suggested that making the interdepend 
more rewarding than the independent tasks may motivale sub 
switch tasks and work on the group counter rather than ihe in 
counters. The purpose of the present study is to investigate (he que 
of whether cooperation can be produced during group and indi 
reinforcement with individual feedback when completion of an 
dependent task results in greater rewards than completion of inde} 


Group composition. The subjects participating in this study 
normal children ranging in age from 5 to 10 years. They were divi 
into three-member groups comprising various combinations of sex. I 
four separate groups participated. Group 1 consisted of 3 bo 
friends and a stranger, ages ranging from 8 to 10. Group 2 coi 
three girls, all sisters, ages ranging from 5 to 10. Group 3 cons 
girls and a boy, all siblings, ages ranging from 6 to 10. The fourth р 
consisted of 2 girls and a boy, all strangers, ages ranging from 8 to 
years. , 


Apparatus. The apparatus consisted of three 14-key piano keyb 


үн 


*In the previous work by Mithaug and Burgess, the term "group respon: 
used to identify the accumulation of points on the group counter. The 
somewhat misleading because it confuses two important and distinct event 
accumulation of points on the group counter and the particular behavior 
developed by the group to produce points. For this reason, the term task 
completion rate will be used here to identify point rates on the counters. 
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inst) uments wired to a counting apparatus on the experimenter's desk. 
On ‘op of each instrument were two readily visible lights, one on the left 
and one on the right. Electromechanieal counters on the experimenter’s 
desk recorded the number of times a key representing a correct response 
was ‘lepressed. Similarly, electromechanical counters were situated beside 
eacl: instrument to record the correct key presses. The three keyboard 
instruments were aligned against a wall in a laboratory room. A 12 X 
36-inch sereen, on which was a series of lights, was hung in the center 
of ihis same wall. This light screen was also wired to the apparatus on 
the experimenter’s desk. The experimenter, by activating a switch on his 
desk, illuminated a light on the light screen corresponding to a particular 
key on the subjects’ keyboard instruments. Another series of switches 
on the desk enabled the experimenter to control the lights on the three 
keyboard instruments. If the enabling switches were placed at the “оп” 
po-ition, and if the subjects depressed the key corresponding to the il- 
lwvinated light on the light screen, lights on their instruments were 
illuminated. 

Procedure. The general procedure was as follows. The experimenter 
acivated a switch controlling a particular light on the light screen. The 
su jects pressed the key of their choice. If the chosen key corresponded 
to ‘he light illuminated on the light screen, and if the enabling switches 
or the experimenter's desk were at the “on” position, lights on the 
subjects’ instruments flashed on. The electromechanical counters at the 
ex) crimenter’s desk and the counters situated beside the subjects’ key- 
board instruments tabulated points for correct key presses. The experi- 
meuter could make these latter counters inoperative by activating ap- 
propriate switches at his desk. 


пау, the single light and electromechanical counter in the center 


of the light screen were activated: (a) if the controlling switches at the 
experimenter's desk were in the “оп” position; (b) if all three subjects 
pressed the key corresponding to the illuminated light on the light screen; 
and (c) if each subject pressed the correct key at the same time, within 
.5 second of each other. When all three subjects pressed the correct keys 
within this time interval, a group point was recorded by the group 
counter on the light sereen, by а counter situated on the шшен 8 
desk, and by a Gebrands’ Cumulative Recorder also situated at the desk. 


Experiment I 

Procedure. As noted in the introduction, Mithaug and Burgess (1968) 
were unable to produce cooperation during group and individual rein- 
forcement with individual feedback. During this condition 100 points 


were exchanged for one cent for both group and individual counters. 
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The hypothesis is: When greater rewards for achieving the 
rather than individual tasks are provided subjects during: this со 
cooperation will emerge. Experiment I pretests this notion, using 
of the same groups that participated in the previous Mithaug 
Burgess study (1968). ٤ 

The three subjects were instructed that their task was to ассип 
points on the counters and that, to achieve it, they could press any 
key on their keyboard instruments as fast and as many times as d 
during a given trial. When the group counter reached 100 points, 
received one cent. When both lights flashed on the keyboard instrun 
100 points accumulated on an individual counter returned one се 
that subject. When one light flashed on the instrument, 1000 p 
returned one cent. 2 

The session began with a light on the light screen, indicating ti 
subjects they could begin pressing. The response time wis divid 
two-minute intervals. A clock wired to the apparatus stopped w. 
light flashed off the sereen, and the apparatus was turned ofl. 

Group and individual counters were in operation tabulat ing poi 
simultaneous key presses and correct individual key prosses, and 
lights flashed to provide feedback for these correct key prosses. The 
sion began with Condition A, two lights flashing, indicating the exch 
rate for the individual counters was 100 points = one cent. Conditic 
followed with one light flashing, indicating to the subject. that th 
change rate for the individual counters was 1000 points = one cent, 
experiment ended with Condition A, when both lights flashed and 1 
points were again exchanged for one cent on individual counters. 
group counter returned one cent for 100 points for the entire expe 

Results. There appeared to be little difference in the rates b 
conditions. The task rate for individual counters was higher than the t 
rate for the group counter during both A and B conditions. Also, no 
action involving coordinated key presses, e.g., two holders and a p 
was observed. 

Discussion. There seems to be no support for the hypothesis 

greater rewards for achieving the group task will produce coope 
However, the subjects appeared to be trying to see who could ae 


Experiment II 


Experiment II investigates the possibility that a more dramati 
ference in exchange rates between group and individual tasks mt 
necessary to get cooperative patterns started. Furthermore, a long 
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muy be required before subjects recognize the advantages of working on 
the interdependent task. r 

Procedure. Group 1 and three additional groups participated in this 
experiment. Each group contained three subjects, ranging in age from 
five to ten years. Subjects were given the same instructions as in Ex- 
priment I. When the group counter reached 100 points, each received 
oue eent. When both lights flashed on the instruments, 100 points ac- 
cumulated on individual counters returned one cent. However, when only 
one light flashed on the individual counter, 10,000 points returned one 
cent. 

The session began with Condition A, one instrument light flashing, 
indicating the exchange rate for individual counters was 10,000 points 
for one cent. This condition was prolonged, giving ample time for the 
«levelopment of coordinated key presses, along with an increase in the 
group rate, Condition B followed with two instrument lights flashing, 
indieating the exchange rate was now 100 points for one cent on individ- 
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Fig. 2. 
ual counters. The session ended with a repetition of Condition A. The 
group counter returned one cent per 100 points for all conditions. 
Results. Figures 1-4 present data for the four groups. The mean 
responses for Condition A were calculated from the time the holder- 
holder-presser pattern was first observed. 
For all groups the session began with the individual rate high and 


the group rate low. An interesting feature of these data is the length 
of time before cooperation emerged. During Condition A, the group task 
was clearly favored; i.e., the ratio of group to individual returns was 
100:1. For Group 1, 85 minutes of response time was required before the 
individual task rate decreased and the group task rate increased. 

For all groups, the division of labor pattern in which two subjects held 
their keys and the third pressed his rapidly, was observed at the same time 
that the group task rate increased and the individual rate decreased. This 
pattern was discontinued when Condition B was introduced, and the 
individual rate increased and the group rate decreased for all groups. 
The pattern was again observed during the final Condition A when the 
group rate increased and the individual rate decreased. 

Discussion. These data suggest that when the ratio of exchange rates 
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Group 3 A B A 


100:1 11 100:1 


Mean Points/minute 
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----- Individual Counter 
—— Group Counter 
Fic. 3. 
for individual and group tasks is extreme, i.e., 100:1, and when sufficient 
time is allowed with this condition present, cooperation will emerge. Eh 
there seems to be little difficulty in reinstating the pattern during the final 


condition. 
Again, as in Experiment I, the subjects in all groups appeared to be 


initially concerned with accumulating more points than the other subjects 
on individual counters, This behavior continued as long as no single 
member achieved a clear and distinguishable lead over other members. 
Once а. lead was established, i.e., when it appeared to other memb ee 
impossible to catch up, the followers Jost interest in the race for points. 
At this time, subjects focused their attention on the amount of money 


they were getting. 


Experiment III 


Procedures. The results of Experimen 
concerning emerging cooperative patterns un 


t II raise interesting questions 
der less extreme conditions 
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of differential reward. Therefore, using Group-1 subjects, this e D 
ment investigates reward ratios of 100:1, 50:1, 25:1, 10:1, 5:1 , and « 
The first number represents the point-reward returned for the indivi 
counter and the second the point-reward return for the group counter 
Session 1. The sequence of presentation was as follows: 100: 1, 50:1, 


ge in procedure was an altera 


one point always ret 
one cent. Subjeets were not permitted to leaf through the booklet. 


§ one page at a time upon instru 


For Session 2, the exchange booklets were replaced with booklets h 
ing the following sequence of ratios: 100:1, 50:1, 25:1, 10:1, 5:1, 
1:1, 8:1,.5:1, 10:3; 

Results. The data for Session I of this experiment are presen 
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Figure 5. 'The graph indieates that for ratios 100:1 to 5:1, the subjects 
cooperated working on the group task. The group task rate was higher 
tha: the mean individual rate. However, when the ratio changed to 3:1, 
the cooperative pattern was discontinued. The group rate dropped as the 
individual task rate increased. The cooperative pattern, two holders and 
а presser, was again observed when the 5:1 ratio was reintroduced at the 
end of the session. The group rate increased, and the individual task rate 
decreased at this ratio. 

ligure 6 presents the results of Session П. The group rate remains 
higher than the individual rate for all ratios except 1:1. Here the 
previously observed holder-holder-pressor pattern re-emerged and re- 
mained for the session. When the ratios subsequently changed to 3:1, the 
group rate inereased and the individual task rate decreased. 

Discussion. The data for Session 1 suggest that once cooperation is 
established for an extreme ratio, it can be maintained for lesser ratios, 
ic, 50:1, 25:1, 10:1, and 5:1. At the 3:1 ratio the pattern broke down, 
with subjects attending more to their individual counters. 

in interesting feature of this finding is that subjects made less money 
al the 3:1 ratio than at any other. Table 1 presents a breakdown of the 
amount earned per subject from group and individual tasks for each ratio. 
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The bottom row gives the total earnings of the group per exchange 
The amount they might have won had they coordinated their effo 
they did during a 5:1 ratio was 44 cents. 

However, subjects were in no position to sit down and caleulate 
to maximize their winnings. They were faced with an ongoing prob 
Solving situation that required immediate decisions. They could. 
learn through experience the appropriate behavior patterns. D 

Results from Session II suggest that the subjects learn to respond 1 
discriminatively to the exchange ratios during a second session 
perience with the ratios. The ease of developing a discriminative 


behaviors. 
Experiment IV 


Procedure. Group I participated in this experiment in whi 
previous ratios were now presented randomly. All procedures 
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the same as in Experiment III except that the pages of the booklet 
ordered from front to back in a pre-programmed random sequen 
Results. Figure 7 shows that the group rate is higher than the 
individual task rates for all ratios except 3:1 and 1:1, when the h 
holder-presser pattern was discontinued and subjects attended to 
individual counters. 
Discussion. The data from Experiment IV suggest that the met] 

presenting ratios produces different results. When ratios were р 
in a decreasing sequence for the second time (Experiment ITI), su 
cooperated at all ratios except 1:1. However, with random presenta 
subjects cooperated at all ratios except two of the three 3:1 ratio 
three of the three 1:1 ratios, These findings suggest that subjee 
criminate more when ratios are presented in a decreasing order than 
they are presented randomly. Additional data are needed to support | 
notion, as the previous experimental history of Group 1 may ae 
aa 5 | Wh i 
| 
| 


Сгоир 1 
10) 1 50 |1 5 


Minutes 


----- Individual Counter 
Group Counter 
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for the increased discrimination between ratios. The subjects of Group I 
may have learned diseriminative response patterns of working together 
for some ratios and individually for others during the previous two ex- 
periments. 


Experiment V 


Experiment V investigates the possibility that the response patterns 
emerging when ratios were presented randomly during Experiment IV 
шау have been different if subjects had not learned to diseriminate be- 
tween ratios, cooperating only when the group task led to greater returns 
than did the individual tasks. 

Procedure. The same procedures were used for this experiment as for 
Experiment IV, but the subjects were from Group 4 instead of Group 1. 
Group 4’s previous experimental history included Experiment II, but 
not Experiments III and IV. Therefore, Group 4 had experienced only 
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two exchange ratios, 100:1, for which а cooperative ра! rn dew 
and 1:1, for which no cooperation emerged. 
Results, Figure 8 presents data for this experiment, Fo: all 
mean individual task rate was higher than the group ‘sk 
holder-holder-presser pattern did not emerge. 
The mean individual task rate was higher than the :roup m 
all ratios, even the most extreme 100:1, where it wa» clearly: a 
tageous for subjects to cooperate as they had done for that m 
Experiment I. 


Experiment VI 

Experiment VI investigates the possibility that a now «chan e 
individual counters operating but returning 0 cents, «i the g 
counter returning опе cent for 100 points, may start t! subject 
operating in the session, Once established, the pattern ma» generalis 
other ratios as well, 

Procedure, Group 4 subjecta participated in this experi st, The 
alteration in procedures was the addition of a new exch: 
vidual task paying 0 cents and group task paying one cen: r 100 po 
This rate, represented by "0," began the session and v 
spersed in the random sequence. 

Results, The data are presented in Figure 9. Соорега!! cmerged 
all ^0" rates, The group task rate was higher than the i». vidual T 
and the holder-holder-presser Pattern was observed, Thi. pattern | 
observed at only one other ratio, 50:1, the third ratio of t. «e ion. 

Discussion. The data suggest that mere establishment o: the соор 


Experiment VII 


Experiment VII, using Group 4, investigated the possibility that | 
criminative responses to the different ratios may develop more rapi 


НН 


Polnts/ainste 


te 
rate rate for the latter. 
t was higher than the diit 10:1 best wet. for 


эч ——À = 
^6 вн ourEg ‘OT “Dif 


4e4uno9 позе 


4e4uno9 |enpjAjpu| ----- 


Se4nu|w 
os ov oe oz 01 


DENNIS Е. MITHAUG 


. 
oo 
© 
+ 


ШАШ 


Z WOONVY 


ot] ol t| є s отсаосроајо |o: Te 


“330O 1 WooNve 
y пою 


| 


009 |o0 dez 


94nuju/s4u log 


DEVELOPMENT OF COOPERATION 459 


during the ordered presentations, it persisted in the subsequent random 
presentation. 


SUMMARY AND CONCLUSIONS 


The findings of this study are summarized in Table 2. They suggest 
thut cooperation can be developed during group and individual rein- 
forcement with individual feedback, if the rewards for achieving the 
group task are greater than for individual tasks. A preliminary investi- 
gation of different ratios for the two tasks suggests that discriminative 


TABLE 2 
Summary of Ratio Manipulations and Results for Experiments I-VII 
Experiment Group Reward Ratios Investigated Results 
I 1 A. 10:1 No cooperation 
B. 1:1 No cooperation 
A. 10:1 No cooperation 
II 1-4 A. 100:1 Cooperation 
Be No cooperation 
А. 100:1 Cooperation. 
III 1 Ordered presentation of ratio 
sequences 
I. 100:1, 50:1, 25:1, 10:1, Cooperation breaks 
а down at 3:1 
. 10: Cooperation breaks 
5:1, 3:1, 1:1, 3:1, 5:1, 10:1 down at 1:1 
IV 1 Random presentation of ratios Cooperation breaks 
down at 3:1 
Y 4 Random presentation of ratios No cooperation 
VI 4 Random presentation, 04 for No cooperation 
individual counter to initiate 
cooperation К 
уп 4 А. Random No cooperation 
B. Ordered - 0:1, 100:1, 50:1, Cooperation breaks 
25:1, 10:1, 5:1, SUD down at 3:1 
A. Random Cooperation 


response patterns for different ratios can be developed more readily 
when ratios are presented in some orderly sequence. This finding is in 
line with the more general hypothesis that the development of coopera- 


tion in alternative task situations is dependent upon whether or not the 


group is in a situation conducive to learning whether it is group ог 


individual tasks that return the greater rewards. 
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This research investigates the function of similarity arising from 
matching colors. A modified matching-to-sample procedure allows similar- 
ity or dissimiliarity to be presented contingent on a response. A standard 
key is lit by one color on each trial. A response to one comparison key 
illuminates the key with the same color as the standard. A response to the 
other key produces a lamp illumination of dissimilar color. In this 
manner, similarity would be contingent on pressing one key and dis- 
similarity on pressing the other key. The purpose of this study was to 
determine whether young children would maximize similarity in @ 
situation in which similarity was contingent on pressing one key and 
dissimilarity on pressing another key. 3 

In a situation where $ can produce only similarity or dissimilarity, a 8 
who maximizes similarity will minimize dissimilarity. Hence, the effective 
stimulus could be either similarity or dissimilarity (or both). However, 
for simplicity of exposition this research is described in terms of 
similarity. 


METHOD 
Subjects 


The Ss, 15 boys and 15 girls, ranged in age from 50 to 68 months 
(mean = 61), and were attending the University of Iowa Preschools. 


Apparatus 


An 18-inch square response panel, mounted flush in a wall, contained 
three 2.0-inch diameter panels of Polacoat plexiglas. The panels formed 
an equilateral triangle with each panel separated from the others by 8.0 
inches. The two panels which formed the base of the triangle were re- 
sponse keys which activated a switch when pressed, and the uppermost 
panel (standard panel) was immovable, Each panel could be transillumi- 
nated by either red, green, yellow, or white lamps. Programming and 
recording equipment was located in an adjoining room. A room air con- 
ditioner provided background noise, 


Experimental Design 


Similar stimulus condition. Twenty Ss were run under a condition in 
which the standard was transilluminated either red or green and 
the response keys were dark. A response to one key produced a color 
identical to that of the standard, and a response to the other key produced 
a color different from the standard. Responses to the same key sometimes 
made the key red and sometimes made it green. Thus, one key was а 
matching key, and the other was a nonmatching key. Half the Ss began 
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performance with the left key as the matching key and the remainder 
with the right key as the matching key. For all Ss, the matching key was 
switched half way through the experiment. 

Different stimulus condition. 'Ten Ss were run under a condition which 
was identical to the similar stimulus condition except that a yellow color 
was substituted for the red standard color and a white for the green 
standard color. For half the Ss, the left key produced а red illumination 
il the standard was white and produced green if the standard was yellow. 
The right key produced red if the standard was yellow and green if the 
standard was white. The remaining Ss began with the right key producing 
red given a white standard and green given a yellow standard. For all Ss 
the key-stimulus combinations were reversed half way through the 
experiment. 

This condition served as a control for “symbolic matching.” Cumming 
& Berryman (1965) have used symbolic matching to refer to responding 
under the control of the standard stimulus when the standard is different 
‘rom all comparison stimuli. In this experiment, if S were to respond to 
the left (right) key throughout the first half of the experiment and to the 
right (left) key the remainder then the pattern of responding would be 
symbolic matching because each standard color would be paired with 
only one comparison color. 

The experimental design can be summarized as a mixed four factor 
design. The similar stimulus vs different stimulus groups, and the left key 
match vs right key match groups constituted the two between subject 
factors. The reversal of key color after Trial 64 for all Ss provided a 
training phase factor, and the trials within each phase were equally 
divided into three blocks for the trial blocks factor. 


Procedure 

Prior to entering the experimental room S selected and took possession 
of a toy which was offered for participation in the experiment, The S 
was seated in front of the apparatus on a cushion and was instructed to: 
(a) push one of the two bottom keys whenever the top panel ges онн 
nated, and (b) play the game until the experimenter said, "stop." The 
experimenter sat behind S facing away from the stimulus panel. "There 
were 128 trials for each S. А trial began with the illumination of the 
standard. The first subsequent depression of a response key produced the 
immediate illumination of that key. The trial ended 1.5 seconds later 
when the two illuminated panels were darkened. The intertrial interval 
between standard offset and onset of the new standard was 1.0 seconds. 
Responses after the first on each trial had no programmed consequence. 
In the event S kept the key depressed, the intertrial interval did not end 
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until the key was released. This contingency was introduced boeuuse it 4 
was assumed that key holding would be infrequent if it vented 
illumination of the standard panel. An 8-bit recycling shift-rowi-ivr pro- 
grammed the same sequence of standard colors for each S. The s0 uence 
provided an equal number of trials with each color and was «ranged 
so that S would match colors on 50% of the trials if he switched keys 
after each response. 
RESULTS 
A comparison of performance under the similar stimulus condition and 
the different stimulus condition requires specification of the scoring pro- 
cedure since only symbolic-matching responses were possible in the difer- 
ent stimulus condition. For each S in the dissimilar stimulus group, the 
number of responses to the left key for the first 64 trials plus the number 
of responses to the right key for the second 64 trials were divide! bv 128 
(total trials). If the resulting proportion was equal to or greatei (i .5, 
then every response to the left (right) key in the first (second) (uning 
phase was scored as a symbolic-matching response. If the proportio was 
less than .5, then responses to the right (left) key in the first (cond) 
training phase were scored as symbolic-matching responses. Th. (чаї 
proportion of symbolic-matching responses for S could range from .5 to 


1.0, but the proportion of matching responses for Ss in the siwilar 
stimulus condition could range from .0 to 1.0. This scoring procedure, 
therefore, provided a conservative evaluation of whether the similar 
stimulus group emitted more matching responses than the dissimilar 
stimulus group. For the different stimulus condition the dependent vari- 
able of number of matching responses refers to the number of symbolic- f 
matching responses. 

Figure 1 presents mean matching responses for the similar stimulus and 
different stimulus groups for eight blocks of 16 trials. A mixed analysis 
of variance design composed of two between-subject factors (similar vs 
different stimuli, left key match vs right key match) and two within- 
subject factors (training phase, trial blocks) revealed a significant main 
effect of trial blocks, Р (3, 78) = 7.90, р < .001, and a significant stimu- 
lus X trial blocks interaction, F(3, 78) — 3.74, p < .025. In followup 
analyses with the similar stimulus group, a significant trial blocks effect 
was obtained, F (3, 54) = 9.06, p < .001. A test for linear, quadratie, and 
cubie trends revealed only a significant linear comparison, F (1, 57) = $ 
50.29, p < .001. Separate analyses contrasting the similar and dissimilar 
groups for each trial block produced a significant effect for only trial 
block three, F (1, 26) = 5.88, р < .025. Thus, the similar stimulus groups 
showed an inerease in matching responses over trial blocks. 
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BLOCKS OF SIXTEEN TRIALS 
Fic. 1. Number of matching responses by trial blocks for the similar stimulus 
and different stimulus conditions. 


In order to determine whether individual Ss maximized responding to 
the key programmed for similarity, a normal approximation to the bi- 
nomial was applied to each S's proportion of matching responses (Hays, 
1963). Figure 2 presents individual performances representative of the 
performances of the eight Ss in the similar stimulus group who maximized 
responding to the key programmed for similarity (p < 01, two-tail). No 
S in the different stimulus group performed beyond chance expectations 
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Fic, 2. Individual performance under the similar stimulus condition. 


466 PARTON AND FOUTS 


(p > .05, two-tail). The two conditions differed significantly in i he num- 
ber of Ss who exhibited a key-stimulus contingency (Х° = 3.60. p < .05, 
one-tail). In reference to Figure 2, S-3 and S-19 failed to show « decrease 


in matching in the trial block following reversal of the color contingency 
between the comparison and the standard keys. The absence of ıı decrease 
was because these Ss immediately changed the key to which (hey pre- 
dominently responded when the key contingency was reversed 
DISCUSSION 

In this experiment, Ss increased their responding across trials to the 
key that produced similarity. When similarity was made contingent on а 
different key, the former pattern of responding weakened, and responding 
to the key programmed with similarity increased, Such a pattern of 


performance cannot be attributed to position responding because Ss main- 
tained matching performance when the key which produced similarity 
was changed. It can be concluded that similarity served as a positive 
reinforcer (and/or dissimilarity served as a punishing stimulus! because 


differential responding to the comparison keys was maintained! by the 
consequence of similarity. 
The fact that this experiment does not separate the effects of similarity 


and dissimilarity poses no particular problem. In any situation where S 
can produce only similarity or dissimilarity, the absence of similarity is 
the presence of dissimilarity. This condition exists in many settings in 
which children mateh complex events and behaviors, and the outcome of 
this research should be relevant to such situations. 

The interpretation of the data would be unclear if it were the case that 
the experimental setting, in the absence of similarity, elicited patterns of 
¿responding based on color correspondences. In such a case, the results 
could be viewed as demonstrating that Ss who respond on the basis of 
color correspondence choose similar color correspondences when faced 
with the alternative of similar or dissimilar correspondences. Perform- 
ance in the different stimulus condition, however, indicated that Ss did 
not symbolically match when the standard and comparison colors 
differed. 

The adequacy of the different stimulus condition as a control for the 
development of symbolic matching may be questioned because the use of 
four different colors (two for the standard and two for the comparison 
keys) resulted in the situation being more complex than in the similar 
stimulus condition where two colors were used. It is conceivable that 
the increased complexity of the different stimulus condition prevented 
the development of symbolic matching in those Ss. If symbolic matching 
could be elicited by simply instructing S to produce specific symbolic 
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iuatehes, there would be no basis for considering the different stimulus 
vondition to be too complex for the development of symbolic matching. 
In order to determine whether instructions would induce symbolic match- 
ing, ten four- and five-year-old children received explicit instructions to 
symbolically match prior to serving under the dissimilar stimulus condi- 
‘ion. Each S was instructed to push the key which would be red when the 
standard panel was yellow and push the key which would be green when 
the standard was white. The S was requested to verbalize what he should 
do when the standard was yellow and when it was white. Five Ss failed 
io verbalize the instructions and were replaced. The rest of the procedure 
was identical to the main experiment. 

Figure 3 presents individual performances representative of the per- 
formances of the six Ss who showed greater than chance level of symbolic 
matching (р < 01, two-tail). Of these six Ss, four performed the sym- 
bolic match which had been instructed. Subject A2, Figure 3, was one of 
the two Ss who produced the symbolic match which was not instructed. 
The mean frequency of symbolic match responses for these ten Ss over 
trial blocks was parallel with, but slightly higher than, the similar 
stimulus group. The performance of these Ss demonstrated that some 
four- and five-year-old children will symbolically match when so in- 
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Fic. 3. Individual performance under the different stimulus conditio 
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structed. Since symbolic matching can be elicited with simplo instruc- 
tions, it appears that task complexity does not account for tho lack of 
symbolic matching in the different stimulus condition. Hence, i1 differ- 
ent stimulus condition was an appropriate control for determing the 
extent to which children develop symbolic matching in the !)-cnce of 
similarity. 

This research found that similarity as a stimulus consequence was a 
reinforcing event. Since the training history which determined the func- 


tion of similarity was not experimentally introduced, it is likely (hat the 
present experimental situation is only one of many situations iıı which 


similarity is a reinforcing stimulus for young children. Those xit uations 
may include both the matching of physical events and behavie:-. Baer 
& Sherman (1964) have presented evidence which can be interi: ted in 
terms of similarity reinforcing responses which match behavio ~ of a 
puppet. The present study indicated that with a modified n: \ch-to- 
sample task, the similarity of colors serves as a reinforcer. Ti <0 two 
studies are consistent with the general thesis that for young chil en the 
reproduction of observed events is reinforced by the relational | unulus 
of similarity. 
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The Ocular Response of Human Newborns 
to Intermittent Visual Movement" 


Lyx W. WICKELGREN 
Yale University 


Two experiments were designed to assess the human newborn's ocular 
response to intermittent visual movement created by sequentially illumi- 
nated lights. In Experiment 1, photographs were made of 18 Ss' eyes when 
they were presented a stationary light centered in front of the eyes, a blink- 
ing center light, and a repeating series of three horizontal lights (right, 
center, left, center, etc.). In Experiment 2, 18 Ss were presented the same 
repeating series of horizontal lights at three different light durations. In 
both experiments, the two eyes generally did not converge upon one place; 
the left eye looked left of the center of the field, while the right eye looked 
right of center. Conjugate eye movements occurred about 45-50% of the 
time in all stimulus conditions. Every S in both experiments responded to 
the lights’ movement by shifting direction of gaze toward the left light when 
it went on and toward the right light when it went on. The joint occurrence 
of nonconvergence and frequent conjugate eye movements may explain the 
absence of a strong shift tendency toward the center light. Only 5 Ss fol- 
lowed the lights across the stimulus field. Rate of intermittent visual move- 
ment within the limits tested here was not critical for newborn ocular 


responding. 


Several studies have provided some evidence that the human newborn 
responds to visual movement. Haith (1966) found suppression of sucking 
in response to a pattern of moving lights, and Wolff (1959; 1965) ob- 
served that a moving object can alert a drowsy infant. Some newborns 
show rudimentary visual pursuit of moving objects (Wolff & White, 
1965). However, such eye movements cannot be elicited in all normal 
newborns (Brazelton, Scholl, & Robey, 1966), and pursuit movements 
which do occur have many large amplitude refixations (Dayton & Jones, 
1964). These studies have not presented detailed analysis of the com- 
ponents of the newborn's ocular responses to visual movement largely 


"The research reported here is based on а thesis submitted by the Mor i 
Yale University in partial fulfillment of requirements for the Ph.D. degree. E 
research was supported in part by USPHS Grant HD-0890 to William Kessen, e 
by an NSF Predoctoral Fellowship to the author. The author is indebted to Wil- 
liam Kessen, Marshall M. Haith, Mrs. Peggy Yarsawich, and the nursing staff of the 
maternity ward of the Yale-New Haven Hospital. 
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because of the limitations of electro-oculography and of reports by 
human observers. 

'The present study consisted of two experiments designed to assess in 
detail the response of newborn infants to visual movement. The infant/s 
ocular response to sequentially blinking lights was recorded photographi- 
cally. The first experiment asked how, if at all, the newborn responded 
ocularly to visual movement represented by change in stimulus position. 
The second experiment tested the effect of rate of visual movement, 
specifically, whether or not the precision of the ocular response to inter- 
mittent visual movement would increase with increased light duration. 


The experiments also assessed both the extent to which each S's two eyes 
were directed toward the same place at a given moment (binocular 
convergence) and the frequency with which each S's two eyes moved 
simultaneously in the same direction (conjugate eye movements). 
METHOD 
Subjects 
Subjects for the experiments were 36 awake full-term newborn infants 


from 19.5 to 134 hours of age in the nursery of the Yale-New Haven 
Hospital. In Experiment 1 were 13 males and 5 females; in Experiment 
2 were 10 males and 8 females. An additional 65 babies were seen, but 
they could not be used as Ss either because they fell asleep during the 
observation or because their film records were unscorable. 


Apparatus 


The experiments were conducted in a small light-attenuated room on 
the maternity ward of the hospital. Figure 1 shows a diagram of the 
apparatus. The S was placed face upward in a head-restraining crib on а 
table. The stimulus panel was mounted 914 inches above the infant’s 
head. The three stimulus lights were Dialeo +26410-115 fitted with GE 
1819 bulbs. They were horizontally placed in the panel (left, center, and 
right). The lights were covered with tissue paper so that S saw white 
lighted circles 1146 inch in diameter. The lights were centered 3 inches 
apart, and the total stimulus field, 6 inches across, subtended approxi- 
mately 34? 28' of visual angle. The brightness of each stimulus light 
was approximately 7 foot-lamberts, measured from the position of S's 
eye by an SEI Exposure Photometer. 

An Automax Model G-2 35-mm variable-speed soundproofed camera 
was mounted above the stimulus panel holder (see Figure 1). The camera 
was fitted with a 105-mm Takumar lens and an SII adaptor ring. Kodak 
high-speed infrared film (HIR 417) was used for photographing the еуез. 
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Fic. 1. Side-view diagram of apparatus with inset of stimulus panel as seen һу 
Ss. Panel contains three white stimulus lights and holes behind which are marker 
lights and camera. 


Photographs were made at f/8.0 with a camera focal distance of 27 
inches. The field of the photographs encompassed S's head, which was 
centered directly below the lens of the camera. Photographs were made 
twice per second with an exposure of % second. A counter recorded the 
number of film frames exposed. 

Four Bausch and Lomb Nicholas i 
Wratten 87C and Corning C.S. 7-69 filters; reflections of these infrared 
lights on the eyes were visible on film and were used as marker lights to 
assess the orientation of the eyes. The filters eliminated all visible light 
except a barely visible reddish beam above 800 mp. 

The control apparatus for the stimulus lights (see Figure 1) was sup- 
plied by a 28-volt D.C. regulated power supply. A sequence-control rotary 
switch was wired to make available different sequences of lights. A relay 
system provided timing control so that both the duration of light flashes 
and the interflash interval could be varied. Since the system controlling 
the light flashes was independent of the system controlling the camera 
shutter, the stimulus lights were connected to an indicator light in the 


Iuminators were fitted with Kodak 


> 
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camera. When any stimulus light went on, the camera indicator light also 
went on and was photographed to provide a stimulus-on r оті on the 
film frame. 
Stimuli 

The stimuli for both experiments were the three small white lights 
above S. The lights were chosen because similar stimuli had proved 


attractive to newborn infants in previous experiments (lluith, 1966; 
Wickelgren, 1967). In Experiment 1 there were three arrangements of 
the lights—the center light on continuously, the center light blinking, and 


a horizontal sequence of lights (right, center, left, center, etc.). The solid 
and blinking center light conditions were used to assess the eflect of light 
onset and offset independently of light position change. The blinking 
lights were on for 26 second every second with a constan: !ó-second 
interflash interval. This flash rate was known to be attractive to new- 
borns (Wickelgren, 1967). In Experiment 2 there were three horizontal 
sequences of lights, all with 15-second interflash intervals. The sequences 
(right, center, left, center, ete.) varied in light duration: '4 second 


(replication of the moving light condition in Experiment 11, 1 second, 
and 2 seconds. Each S in an experiment was exposed to all throe stimulus 
conditions. No infant placed in the experimental situation closed his 
eyes or turned away when a light went on; nor was there апу evidence 
of startle when a light went on. 


Procedure 


The same general procedure was followed in both experiments for all 
Ss. Subjects were observed about 30 minutes before the morning feed- 
ing, between 8:30 and 9:30 am. The experimenter brought S to the ob- 
servation room from the nursery and placed him in the crib. The 8% 
head was centered under the camera, and a blind nipple was placed in his 
mouth. The center light was turned on, and the room lights were turned 
off. The eamera was turned on, and 5 received successive presentations 
of the three stimuli aecording to a predetermined order counterbalanced 
across Ss. Moving light sequences always began with the right light. Each 
stimulus condition was presented at least 50 seconds to allow 100 photo- 
graphs of the eyes. The center light was on for 2 to 3 seconds between 


stimulus presentations to prevent a totally dark stimulus field: If $^ 
closed his eyes, E tried to rouse him but usually had to terminate the* 


session. 


Scoring and Analysis 


No S's film was scored unless a preliminary check indicated that there’ - 


was a minimum of 75 scorable frames for each stimulus. A film frame 
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was scorable if the marker lights were clearly visible and if the position 
of the center of the pupil could be determined (see Figure 2). Each 
scorable frame was identified as to stimulus light on or off and, for mov- 
ing light sequenees, whieh light was on. А maximum of 100 frames was 
scored for each stimulus. Each eye was scored independently for each 
film frame on a Vanguard Motion Analyzer (see Wickelgren, 1969). Both 
inter- and intrascorer reliabilities (Pearson т) were obtained for several 
strips of film and ranged from +.92 to +.96, according to the quality 
of the film. 

Location of ocular orientation: convergence. In order to determine 
where each eye was looking in the visual field, two points were scored 
on each film frame: (a) the center of the stimulus field (halfway between 
either the top or the bottom two marker lights), and (b) the center of 
the pupil (see Figure 2). In each case the Motion Analyzer’s digital 
counter provided the horizontal rectilinear coordinate. Since preliminary 
scoring indicated infrequent and very small vertical eye movements, 
vertical coordinates were not obtained (see Wickelgren, 1969). The pupil 
center’s horizontal displacement from the center of the field was obtained 
for each frame by subtraction. The mean displacement score was ob- 
tained for each eye of each S in each stimulus condition. The data were 


combined across Ss for comparisons between stimulus conditions as 
of stimulus presentation order. 


preliminary analysis indicated no effect 
dicated the average amount of 


The resulting mean displacement scores in 
convergence for each stimulus condition. 
e next scored to determine the 


Conjugate eye movements. Films wer t 
frequency of conjugate eye movements. For each film frame on which 
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us lights are not visible on film. 


Fic. 2. Diagram of S's ey! 
marker lights on the cornea; t 
relative to the marker lights. Stimul 
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both eyes were scorable, the joint behavior of the two eyes between 


successive frames was noted. There were nine possible joint events which 
might occur between successive film frames because either eye could 
move left, move right, or remain stationary. Only two of the nine cate- 
gories, both eyes moving left and both eyes moving right, represented 


conjugate eye movements. Tallies were made for cach 5 in each stimulus 
condition of the number of times the joint behavior of the two eyes was 
in each eategory. The nine totals for all Ss in each stimulus condition 


were converted to percent of the overall total for that condition. 
Subjects’ ocular responses to visual movement were assessed at three 
levels of analysis: 
Variability of ocular orientation. The standard deviation of the dis- 
placement scores (see above) was obtained for each суе of each 8 in each 
stimulus condition. The data were combined across Ss for comparisons 


between stimulus conditions. The resulting standard deviations of the 
displacement scores provided a general measure of whether or not over- 
all dispersion of ocular orientation was related to intermittent visual 
movement. 

Shifts in ocular orientation. The number and direction of shifts in 


location of ocular orientation (i.e. displacement scores) between suc- 
cessive frames were scored. First, the number of left and right shifts 
between frames was tallied for each eye of each S in each stimulus con- 


dition. Since the number of scorable frames varied among Ss, the totals 
obtained were converted to proportions; means were obtained. Next, the 
direction of shifts between film frames was determined for moving light 


conditions to assess whether Ss were responding to the intermittent move- 
ment of the lights by shifting direction of gaze toward them. A matrix 
was constructed for each S in each moving light condition. The entries 
were the number of conjugate shifts left and right when the left and 
right stimulus lights were on. The individual totals were summed across 
Ss for each condition and were converted to percent of total opportunities. 
Corresponding matrices were constructed for nonconjugate shifts. 
Region of orientation. Films were further scored to determine in 
which of five regions of the stimulus field the pupil center was located on 
each film frame. This analysis permitted precise assessment of whether 
Ss looked directly at the lights in sequence. Left, center, and right 
regions were set up with boundaries 114 inches to either side of each 
light. Extreme left and extreme right regions were designated as beyond 
the left and right regions of the stimulus field. The scorer tallied the 
number of frames on which each eye's pupil center was located within 


each region when the different lights were o Wick 1969, for 
details about calibration). е Wick : 


k 
{ 
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Results 


Location of Ocular Orientation 


The two eyes never looked at the same place on the stimulus field in 
any stimulus condition; the left eye consistently looked left of center, 
while the right eye looked to the right of center. This lack of convergence 
between the two eyes was highly significant (F = 63.36, df = 1,34, р < 
001). In all three stimulus conditions, the two eyes were oriented an 
average of about 415 inches apart at the stimulus plane. Convergence 
upon a single light would require that the eyes be oriented no more than 


114g inch apart. 


Conjugate Eye Movements 
The frequency of conjugate eye movements was assessed for all Ss 
combined in each stimulus condition. Table 1 shows the percent of frames 


TABLE 1 
PERCENT FRAMES IN EACH CATEGORY or JOINT Eye BEHAVIORS FOR EACH 
SrIMULUS CONDITION, Exp. 1 


Stimulus Categories* 

condition: oo Tee Е ВЕ bi ВА, КАЛА ur otal 7%, 
M 7.6 8.3 9.3 8.0 8.3 5.6 6.1 22.6 24.2 = 100.0 
B 9.2 8.5 9.8 7.9 9.4 6.9 6.9 20.6 20.8 — 100.0 
8 8.0 6.3 8.8 7.7 9.3 6.7 7.0 23.8 22.4 — 100.0 


a In each pair of symbols, the left symbol indicates the behavior of the left eye between 
frames, and the right symbol indicates the behavior of the right eye between the same 
frames. L represents eye movement to the left; R represents eye movement to the right; 
~ represents no eye movement. 
between which the joint behavior of the two eyes was jn each of the nine 
possible eategories. Left conjugate movements are designated LL in the 
table, and right conjugate movements are designated RR. In all three 
stimulus conditions, conjugate eye movements occurred between 40 and 
45% of the time. Moreover, left and right conjugate eye movements 
occurred with approximately equal frequencies in all stimulus conditions. 
The high frequency of conjugate eye movements was shown by all Ss. 


Responses to Movement 


Variability of ocular o : 
standard deviation of oeular orientation W: 
.029 for the left eye. In the blink condition, 


rientation. In the movement condition, the mean 
as .030 for the right eye and 
the mean standard deviation 


» 
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was .025 for each eye; in the solid condition, .026 for each еу ere was 
significant differential variability in location of ocular orien: !! across 
stimulus conditions (F = 5.00, df = 2,68, р < .01). The var: lity was 
significantly greater in the movement condition than in boi! ııe blink 
condition (p < .01) and the solid condition (p < .05) (News n-Keuls 
test). There was not a significant difference between the Ьїй ıd solid 
conditions. Thus, light onset-offset alone does not account for ihe high 
dispersion of location of ocular orientation in the movement vondition; 
position change of the lights was responded to independently o! light on- 
set, and offset. There was no difference between the two eyes in variability 
of orientation and no interaction. 

Shifts in ocular orientation. Both eyes generally shifted position be- 
tween about 75% of the frames in all stimulus conditions. Furthermore, 
there was no differential tendency for either eye to shift more in one 
direction than in the other; that is, both eyes shifted left 11 right 
equally often in the three conditions. 

Every S responded appropriately to the moving lights 1: -hifting 
direction of gaze predominantly toward the left and right li ' ı» when 
they were on. The shift directions were statistically analyze ı or both 
conjugate and nonconjugate eye movements. When the left liz vas on, 
conjugate shifts were toward the left 80% of the time, ancl un the 
right light was on, conjugate shifts were toward the right 79. of the 
time. A dependent ¢ test substantiated this finding; there were six сапу 
more left conjugate shifts when the left light was on than when һе right 
light was on (mean difference = .60, t = 844, df = 17, p< 0). Be- 
cause the proportions of right conjugate shifts are the arithmetic inverse 


of the left proportions, the £ test finding is equivalent to asserting that 
there were also more right conjugate shifts when the right light was on 
than when the left light was on. 

When the left light was on, nonconjugate left shifts occurred 56% of 
the time, and when the right light was on, nonconjugate right shifts 
occurred 59% of the time. There were significantly more left nonconjugate 
shifts when the left light was on than when the right light was on (F = 
4.19, df = 1,34, р < .05). There was no difference between the two eyes 
and no interaction. 

It should be emphasized that the occurrence of appropriate directional 
shifts does not imply that the eyes shifted to the left or right of the 
center of the field or that the eyes looked directly at the appropriate 
light after shifting toward it. The shifts were made to the left or right 
of the eyes’ previous position without regard to where that position was 
in the stimulus field. 


+e 
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here was high individual variability in number and direction of 
* fts during the interval after each stimulus light went off. When the 
c uter light was on, Ss did not reliably shift direction of gaze toward it. 
legion of orientation. Most of the Ss’ displacement scores rested within 
i^e left, center, and right regions. Furthermore, most Ss' eyes shifted 
| cdominantly within one region, even in the movement condition, There 
"4s no evidence of improvement in following the lights between regions 
during exposure to the moving lights. Two of the 18 Ss did follow the 
lishts between regions in the movement condition. During the right- 
center-left-center sequences, their eyes shifted to the right, center, left, 
nnd center regions in turn. Figure 3 compares typical regional analysis 
records of a follower and а nonfollower. Both followers shifted direction 
gaze consistently throughout most of the stimulus presentation. 
Moreover, they both showed an above-average frequency of conjugate 
уе movements in following the lights. Whereas the other Ss had 
onjugate eye movements about 45% of the time in the movement con- 
ition, the followers showed conjugate eye movements 6095 of the time. 
‘ye, sex, and birth conditions did not appear to differentiate the fol- 
wers from the nonfollowers. 


EXPERIMENT 2 


The results of Experiment 1 indicated that all Ss were able to respond 
consistently to the moving lights by shifting direction of gaze toward 
Loth the left and right lights. Although the Ss’ eyes moved toward the 

'hts, they generally did not shift far enough to look directly at the 
lichts and follow the lights in sequence. Since the light duration in 
lxperiment 1 was 14 second, it was possible that most Ss did not, have 
time to respond fully to the moving lights and that a longer light gaps 
might prove more effective in elieiting a precise response. 'Thus, та 
longer durations were selected for sequences in Experiment 2, 1 jm 
and 2 seconds (still longer light durations lose the appearance of à шеп 
sequence). A sequence with 15-second flash duration was used to replica 


the movement condition findings of Experiment 1. 


Results 


Location of Ocular Orientation : 

As in Experiment 1, the two eyes did not чш, Горов ds 
same place on the stimulus field in any дшше соп PAD A ENS 
consistently looked to the left of center, while the right ey: 
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SUBJECT 5 (Follower) SUBJECT 6 (Non-foliower) 
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Fic. 3. Two records of region of ocular orientation in Experiment 1. Left is à | 
record of one S who followed the lights between regions of the field; right is & 
record of a typical S who did not follow the lights between regions. The records 
cover the first 50 frames for the right eye in the movement condition. A circle out- 
line indicates which light—left, center or right—was on during each frame; no circle 
means no light was on during the frame. Lines connect solid black circles to _ 
indicate the sequence of the Ss’ eye movements from frame to frame. 


of center. This difference between the two eyes was highly significant - 
(F = 97.33, df = 1,34, р < .001). In all stimulus conditions, the eyes - 
were oriented an average of 5 inches apart at the stimulus plane, and the - 
eyes were centered about the center of the field. 


> 
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Conjugate Eye Movements 


Table 2 shows the percent of frames between which the joint behavior 
of the two eyes was in each of the nine possible categories. In all three 
stimulus conditions, conjugate eye movements occurred about 50% of 
the time. Moreover, left (LL) and right (RR) conjugate eye movements 
occurred with approximately equal frequencies in all stimulus conditions, 
as in Experiment 1. The high frequency of conjugate eye movements 
was shown by all Ss. 


Responses to Movement 


Variability of ocular orientation. The mean standard deviations of 
location of ocular orientation in both the Y5-second and 1-second con- 
ditions were .032 for the right eye and .034 for the left eye. Correspond- 
ing figures for the 2-second condition were .037 for both eyes. There was 


TABLE 2 
PERCENT Frames IN EAcH CATEGORY or JOINT Eye BEHAVIORS ror EACH 
SrIMULUs CONDITION, Exp, 2 


Stimulus Categories* 

condition: — -L -R L- R- LR RL LL RR Total % 
+ 7.2 7.2 7.2 8.6 6.6 4.9 6.8 25.6 25.9 = 100.0 
1 7.6 7.8 7.2 9.1 7.6 5.7 6.1 25.2 23.6 = 99.9 
2 7.8 7.9 7.3 9.3 7.4 5.2 5.6 25.0 24.9 = 99.9 


" In each pair of symbols, the left symbol indicates the behavior of the left eye between 
frames, and the right symbol indicates the behavior of the right eye between the same 
frames. L represents eye movement to the left; R represents eye movement to the right; 


— represents no eye movement. 


significant differential variability across stimulus conditions (F = 6.67, 
df = 2,08, р < .01). The variability was significantly greater in the 2- 
second condition than in either the %4-second (p < .01) or the 1-second 
condition (p < .01) (Newman-Keuls test). There was no difference 
between the two eyes and no interaction. à d 

Shifts in ocular orientation. The eyes generally shifted position between 
about 78% of the frames. As in Experiment ik; there was no bra AM 
between the two eyes or the stimulus conditions in mean proportion о 
shifts, and there was no differential hoi either eye to shift more 
in one direction than in the other in any condition. — К 
"d di реше 1, every S responded appropriately REN di 
lights by shifting direction of gaze predominantly eed pe wi т 
the left light was on and toward the right when the right lig v e 
When the left light was on in any stimulus condition, conjugate shi 
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were toward the left 71% of the time, and when the right 11110 was on, 
conjugate shifts were toward the right 75% of the time. This direetion- 
of-shift effect was highly significant (F = 94.01, df = 1,17. p < 001), — 
There was no stimulus effect or interaction. A. 

When the left light was on, nonconjugate shifts were tow: the left і 
57% of the time, and when the right light was оп, nonconjuyate shifts — 
were toward the right 52% of the time. There were significantly more le 
nonconjugate shifts when the left light was on than when the right light 
was on (F = 8.77, df = 1,34, р < .01). There was no other significai 
effect. Thus, in all three stimulus conditions when the left light was 
both conjugate and nonconjugate shifts were predominantly toward 
left, while when the right light was on, shifts were predominantly towar 
the right. 

In the interval after a stimulus light went off, there was high indi- 
vidual variability in shifts. When the center light was оп, а= in Experi- 
ment 1, Ss did not reliably shift toward it. 4 

Region of orientation. Subjects showed the same general pattern 0 
responses found in the first experiment. Most Ss’ eyes did not consistently: 
follow the lights between regions and look directly at the 10-105 in any | 
stimulus condition, nor was there any evidence of improved ocular 
lowing between regions during exposure to any moving ligh: sequence, — 
Three of the 18 Ss did follow the lights between regions. Inste:vi of show- _ 
ing improved following with increased duration of light flash, however, _ 
these 3 Ss followed the lights regardless of light duration. Morcover, like | 
the 2 followers in Experiment 1, the 3 Ss showed an above-average | 
frequency of conjugate eye movements in all three stimulus conditions. - 
Whereas the other Ss had conjugate eye movements about 50% of the 
time, the followers showed conjugate eye movements 60-70% of the 
time. No other characteristics appeared to differentiate the followers from ^ 
the nonfollowers. The follower's record in Figure 3 is typical of their. 
performance. wi 


DISCUSSION 


All infants in both experiments responded ocularly to the intermittent - 
visual movement of the lights. Most dramatically, all Ss responded 
the moving lights by shifting direction of gaze appropriately toward 
left and right lights. It is unusual to find such uniformity among HEW 
born infants in their responding. This striking consistency in responding. 
may be an indication of the power of moving as opposed to stationary 
stimuli for newborn infants. ү, 

Given that Ss did respond to the left and right lights, it might appear 
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puzzling that a similar shift effect did not occur with the center light. 
However, since the gaze of each S's two eyes typically straddled the 
center light, the eyes received competitive directional information from 
it. If one eye were dominant, that eye should have consistently responded 
to the center light by shifting toward it. There was no indication that 
such was the case. If, as seems more likely, both eyes were equally 
responsive to the visual stimulation, they would have had to shift in op- 
posite directions to shift toward the center light simultaneously. Such 
cases of the left eye shifting right while the right eye shifted left (RL 
on the tables) were rare, while conjugate movements were frequent, 
Therefore, the combination of nonconvergence and conjugate eye move- 
ments undoubtedly prevented appropriate shift responses to the center 
light. If one eye were occluded in this experimental situation, one might 
predict that the open eye would shift toward all three lights in sequence. 
Since normally the newborn infant has both eyes open, and since his 
eyes usually do not eonverge, peripheral stimuli, which send a similar 
directional message to both eyes, well may be stronger for him than are 
central stimuli. The results of these experiments are certainly compatible 


with this view. 


If, therefore, 
or if a single light were moved across the field, perhaps smooth sequential 


i did con- 
responding would occur, It is significant, however, that 5 Sx 
sistently follow the lights between regions of the stimulus vl ети, 
the 3 Ss who followed the lights in the second experiment did о jc 
three durations. The 5 Ss’ ability быны the lights soon e 
and their above-average frequencies of conjugate eye movemen! nugget 
that other babies will develop а similar level of responding within the 


first weeks of life. 

The direct, photographic analysis of conjugate eye ang in 
these experiments confirms and extends the findings of Dayton, ра 
Steele, and Rose (1964), who measured newborns’ ier au 
directly with nd = bees Lars аҹ реч 
to common belief, that new! n move 
In the present study, all Ss were able to move their eyes conjugately, 
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and they did so about half of the time—quite a high frequency when one 
considers the large number of alternatives to conjugate eye movements. 

Coexistent with frequent conjugate eye movements the newborns in this 
study showed marked divergence of ocular orientation. In a previous 
experiment (Wickelgren, 1967), human newborns’ eyes were shown to 
diverge when a stationary stimulus (a square of color or a panel of 
stripes) was presented. The extent of divergence was not related to the 
visual stimulation. The present study extends those results to moving 
light stimuli, strengthening the conclusion that at birth human beings 
physically cannot consistently converge the two eyes. Since newborn 
infants show nonconvergence concurrent with frequent conjugate eye 
movements, these two responses probably reflect two independently 
developing physiological systems. 

Hebb (1949) has postulated that eye movements are critical for the 
development of perception. This study did show that eye movements are 
well coordinated at birth with a high frequency of conjugate movements. 
Further, the study showed that such eye movements can be directed 
toward a moving stimulus in the visual field. At the same time, however, 
the eyes do not usually converge upon the stimulus. Thus, perhaps eye 
movements themselves may provide a useful index of early perceptual 
development. 
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Factors Affecting Lateral Differentiation in 
the Human Newborn! 


GERALD TuRKEWITZ, TINA MOREAU, LINDA Davis, AND HERBERT G. BIRCH 
Albert Einstein College of Medicine 


The effect of asymmetry of muscle tonus and of prior somesthetic 
stimulation on responsiveness to subsequent somesthetic perioral stimulation 
was examined. Infants were subjected to; asymmetry of tonus (m = 14), 
somesthetic stimulation of the right cheek (n = 14) or the left cheek (n = 
15), or a control condition in which both types of asymmetry were elim- 
inated (n= 13). All experimental treatments significantly increased re- 
sponsiveness to both right and left stimulation. Since asymmetry of tonus 
and prestimulation of the right cheek produced significantly more responses 
to right than to left stimulation, it is likely that both factors contribute 
to the normally occurring lateral differences in responsiveness. Somesthetic 
priming of the two sides did not have opposite effects, indicating additional 
determinants of lateral differentiation. 


The results of a number of recent investigations have indicated that the 
normal human newborn is asymmetrical in his responsiveness to stimu- 
lation. He responds more readily when somesthetic, auditory, or visual 
stimuli are presented at his right than when they are presented at his left 
(Siqueland, 1964; Turkewitz, Gordon, & Birch, 1965; Turkewitz, Birch, 
Moreau, Levy, & Cornwell, 1966; Turkewitz, Moreau, & Birch, 1968; 
Wickelgren, 1967). Since such early lateral differences may contribute to 
the subsequent development of lateral dominance (Gesell & Ames, 1947), 
lateral preference and hemispheric differentiation, an understanding of 
the factors affecting lateral differentiation of behavior in the infant, is 
potentially important for understanding the development of era 

Previous reports from our laboratory have shown that lateral di - 
ferences in the infant’s responsiveness to laterally presented. auditory 
and somesthetic stimuli are associated with his asymmetrical head 
position prior to stimulation, with lateral differences in responsiveness 
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eliminated by maintaining his head in a midline position for 15 minutes 
(Turkewitz, Moreau, & Birch, 1966; Turkewitz, Moreau, Birch, & Crystal, 
1967). In one of these studies (Turkewitz et al, 1966), we suggested 
that since the infant’s eharaeteristie posture with his head turned to the 
right results in the partial occlusion of his right ear, adaptation to a 
lower level of ambient auditory input at this ear could have produced 
à reduction in its auditory threshold. A parallel explanation was offered 
for the effect of the infant's prior asymmetrical head position on lateral 
differences in responsiveness to somesthetic stimulation (Turkewitz et aL, 
1967), with the infant’s characteristic head position resulting in more 
rather than in less somesthetie stimulation of the right side. Consequently, 
in this сазе, it was argued that the partieular mechanism underlying 
lateral differentiation could be the priming effect of prior stimulation 
rather than the adaptational effect of prior insulation. 

However, at the time these explanations were advanced, it was pointed 
out that an alternative explanation is possible. In addition to its con- 
tribution to lateral differences in the ambient levels of somesthetie and 
auditory input, the characteristic asymmetrical head ‘position of the 
infant could also result in lateral differences in muscle tonus. This dif- 
ference might then result in an increased motor readiness to turn to the 
right even in the absence of applied stimulation or it could, by virtue of 
its afferent consequences, contribute summatively to subsequent input 
at this side. Since keeping the head in the midline not only reduces asym- 
metry of stimulation but also reduces asymmetry of muscle tone, it was 
not possible in the earlier studies to determine whether the experimentally 
induced changes in responsiveness were based upon the modification of 
prior asymmetries of ambient stimulation at the two sides upon changes 
in the asymmetry of muscle tone, or upon the interaction of both factors. 
The present investigation was designed to permit a separate consideration 
of the effects of asymmetry of tonus and of prestimulation in order to 
determine whether the infant’s asymmetrical head position results in _ 
lateral differences in responsiveness because it produces lateral differences 
in somesthetic input, or because it results in lateral differences in musele 
tonus. 


METHOD 


Head turning to a laterally presented somesthetic stimulus was used 
as the indicator of lateral differences in responsiveness. To determine the 
separate effects of prior asymmetry of input and asymmetry of muscle 
tone on lateral differences in responsiveness, the following four groups 
of infants were studied; an altered tonus group, right and left som- 
esthetic prestimulation groups, and a control group. Infants in the tonus 
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coup were subjected to a condition designed to produce asymmetry of 
‘-uscle tonus only; infants in the somesthetie groups were subjected to 


mditions designed to produce asymmetry of somesthetic input without 
-sociated asymmetry in muscle tonus; infants in the control group 
vere treated in a manner designed to eliminate asymmetries of both 
»mesthetie input and muscle tone. Following these different, conditions, 
П infants were given the same test of responsiveness to somesthetic 
'imulation. 

Subjects. The 56 infants studied were randomly assigned to the four 
zroups. The sample was drawn from the population of full-term newborns 
m the well-baby nurseries of the Bronx Municipal Hospital Center. 
Only infants whose medical histories indicated no pre- or perinatal 
'omplieations and whose Apgar scores at 1 minute after birth (Apgar & 
James, 1962) were 8 or higher were studied. The birth weights of the 
nfants ranged from 2.40 to 4.04 kg (mean = 3.20). At the time of test- 
ng, the infants ranged in age from 25 to 61 hours (mean = 41.5). Be- 
ause of possible changes in irritability following circumcision, only 

neireumeised male infants were included, resulting in a sample having 

iore female than male infants. There were 10 females and 3 males in 
he control group, 11 females and 3 males in the tonus group, 13 females 
nd 1 male in the somesthetie right group, and 12 females and З males 


i the somesthetie left group. 
EXPERIMENTAL PROCEDURE 


Because responsiveness may vary with time of day and feeding con- 
dition, all babies were studied 45-75 minutes before the regularly 
cheduled 1:30 pm feeding. At the start of the pretest period, each шш 
was placed in his own bassinet in a relatively quiet laboratory. In doe 
(о prevent the infant from differentially stimulating the two sides o. T 
face by his own arm movements, all infants were swaddled. ги 
differential stimulation from the substrate, the mattress was shifte s 
the infant’s head was held so that it extended beyond the edge of the 


mattress. | hi 
3 i lasted 15 minutes. During this period, 
ne po eee held so that the right cheek 


infants in the tonus group had the А уар а 
was оп the same level as the mattress but not in contact; with it. Infants 


in both somesthetic groups had their heads held in d a en 
were intermittently stimulated by the E, who moved хен comer: of: hia 
in an elliptical pattern across the infant’s cheek from the ии 
mouth to his ear. Each pretest stimulus Tora 2 ol ы 
3 seconds with the infant receiving a total of 20 et um the sequence 
during each minute of the pretest period. Within pues 
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of stimulation used was random. The times at which the pretes! x imuli 
were to be presented and terminated were indicated to the E |; a 15- 
minute tape recording. The same sequence of pretest stimulation was 
used for each infant in the two somesthetie groups. The only «11 тепсе 
between these two groups was that infants in the somesthetie righi group 
were prestimulated only on the right cheek and those in the somv«thetie 
left group were prestimulated only on the left cheek. Infants in the 
control group had their heads held in a midline position, and no contact 
was made with the infants face. 

Tests of responsiveness to laterally applied somesthetic stimulation 
of the perioral region were begun within 2 minutes after the end of the 
15-minute pretest period. Prior to testing, all wrappings were roinoved 
and sleeping infants were awakened, but once testing was besin no 
further attempt was made to alter the infants state. 

Because the infant's response may vary with his head position «i the 
moment when a lateralized stimulus is applied, the heads of all ^- were 
held in the midline prior to and during the application of the test пий, 
The infant’s head was held at the temporal regions between the Е (humb 
and finger. Stimuli were not presented until the infant’s head wa- in the 
midline and the E could detect no lateralized pressure against (^e re- 
straining fingers. 

A test stimulus consisted of touching the angle of the infant's ınouth 
for 1 second with a no. 12 round camel’s hair brush. The infant's head 
was released simultaneously with the removal of the brush. The head 
was repositioned to the midline before each stimulus. Stimuli were applied 
whether the infant was crying or not since previous experience had shown 
that there was no difference in responsiveness to such stimuli when the 


baby was and was not erying (Turkewitz et al., 1965). 

There was a minimum interval of 15 seconds between test stimuli. 
However, because of differences in the time required to obtain the neces- 
sary midline balance of the head, the interval was often longer than this 
minimum. As a result, the total time required for testing an infant ranged 
from 12 to 27 minutes with a mean test duration of 17 minutes. There 
were no differences among the four groups with respect to the mean time 
required to complete the test series. 

Each S was tested with the same predetermined random order of 
stimuli. This consisted of three replicated sets of 15 presentations with 
each set containing ten somesthetic stimuli (five to the right and five 
to the left perioral region) and five mock stimuli (three to the right and 
two to the left). The mock presentations were identical to the stimulus 
presentations, except that during the mock trials the brush was merely 
moved towards the infant’s cheek but did not touch it. The mock stimuli 
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were ‘cluded in order to replicate the test conditions and sequence of 
stimu tion of our earlier studies. 


The response measure was the direction of the first lateral head move- 
ment \hich occurred in the 1-second interval following stimulation. 

To prevent experimenter bias, the person who applied the stimulus, 
released the infant’s head from its midline position, and noted the nature 
of the infant's response had no knowledge of the pretest group to which 
the infant belonged. 

RESULTS 

To determine the effect of asymmetry of tonus and of somesthetic 
pres! mulation on responsiveness to subsequently applied somesthetic 
stiniii, the mean percentage of infants in the control group making head- 
turning responses was compared, across the 30 stimulus trials, with the 
mean percentage of infants in each of the experimental groups making 
such responses. As may be seen in Table 1, both asymmetrical tonus and 

TABLE 1 


VrrECT or ASYMMETRICAL TONUS AND SOMESTHETIC PRESTIMULATION 
ox THE PERCENTAGE OF HrAp-TunNING RESPONSES 


% of test stimulus trials resulting in head-turning responses 


Group Mean SD 
Control 44.8 10.50 
Tonus 63.8 11.82 
Somesthetie right 64.7 10.06 
Somesthetic left 62.5 12.39 


differential prestimulation of either side resulted in more head turns 
than occurred in the control group. Each of these differences was sig- 
nificant at less than the .01 level (Dunnett test, Edwards, 1963). 

All of the experimental treatments resulted in an increase in ipsilateral 
head-turning responses, but none of the treatments resulted in a change in 
contralateral responses (Table 2). The mean percentage of trials result- 
ing in ipsilateral responses was significantly greater in each experimental 


group than in the control group (p’s < .01, Dunnett test). In contrast, 
the mean percentage of trials resulting in contralateral responses 1n each 
that in the control group 


of the experimental groups did not differ from 

(Dunnett test). Since contralateral responses were infrequent (Table 2) 
and were unaffected by either asymmetrical tonus or differential som- 
esthetic prestimulation, all subsequent ana 
sideration of ipsilateral responses. 


To determine whether asymmetrica 


lyses were restricted to a con- 


1 tonus and differential prestimula- 
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TABLE 2 
EFFECT or ASYMMETRICAL TONUS AND SOMESTHETIC PRESTIMULATION O^ 1ii 
PERCENTAGE OF IPSILATERAL AND CONTRALATERAL HEAD-TURNING Кези rs 


% of test stimulus trials resultii in 


Ipsilateral Contralateral 
Group responses response 

Control Mean 37.3 7.5 

SD 11.76 5.00 
Tonus Mean 53.5 10.4 

SD 12.63 9.64 
Somesthetie right Mean 57.1 7.6 

SD 10.88 8.10 
Somesthetic left Mean 53.8 9.0 

SD 13.34 9.22 
tion had increased ipsilateral head turning by increasing respons: ness 
to stimulation of опе or both sides, the mean percentage of ips! eral 
head turns in each of the experimental groups was compared wil) {hat | 
in the control group for each side. As may be seen in Table 3, tl per- 
centage of ipsilateral responses to stimulation of each side was «ater 
in all of the experimental groups than in the control group. Fo: both 
the somesthetie right and somesthetie left groups, these difference. were 
highly significant (p's < .01, Dunnett test). For the tonus group. the 
increase in the mean percentage of responses to stimulation of the right 


from that in the control group was significant at less than the .01 level, 
and the increase in the mean percentage of responses to stimulation of the 


TABLE 3 
EFFECT or ASYMMETRICAL TONUS AND Бомеѕтнетіс PRESTIMULATION ON 
LATERAL DIFFERENCES IN THE PERCENTAGE OF 
IPSILATERAL HEAD-TURNING Responses 


% of trials resulting in ipsilateral 
responses to test stimulation 


Group of the right of the left 
Control Mean 37.7 37.0 
Tonus His ES e | 5 
Somesthetic right Met sp og 
Somesthetic left nn E ea ^ а | 
sD 12.83 13.68 | 
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le; from that in the control group approached the conventional level 
of -tatistical significance (p < .10). 

though asymmetrical tonus and differential prestimulation tended 
to inerease ipsilateral responsiveness to both loci of stimulation, the 
tonus and somesthetie-right treatments had more of an effect on re- 
sponsiveness to stimulation of the right than on responsiveness to stimu- 
lation of the left. This is evidenced by the finding of significantly more 
ip-ilateral head turns to stimulation of the right than of the left in both 
the tonus and somesthetic right groups (ё = 3.12, р < .01; and t = 2.68, 
р < .02 in the tonus and somesthetie right groups, respectively) and no 
«ich lateral difference in the control group (t = .14). The somesthetie- 
loft treatment not only did not have more of an effect on responsiveness 
to stimulation of the left than on responsiveness to stimulation of the 
noht, but resulted in slightly (not significantly) greater responsiveness 
to right than to left stimulation (Table 3). 
The results thus far presented indicate that asymmetry of tonus and of 
‘esthetic prestimulation increases responsiveness to both right and left 
‘imulation and produces lateral differences in responding. For our 
ample of infants, these findings are highly reliable and can be general- 
i;ed to other randomly selected samples of 30 stimulus trials. However, 
«ince the mode of analysis utilized does not take into account the vari- 
ability of responsiveness among infants, it does not enable an assessment 
of the likelihood with which similar effects would be obtained in other 
randomly selected groups of infants comparably tested. We therefore 
evaluated the effect of the experimental treatments in relation to the 
interindividual variability of responsiveness. 3 

As may be seen in Table 4, infants in each of the experimental groups 
made more head-turning responses (ipsilateral and contralateral com- 
bined) than did infants in the control group. However, because of the 
high variability among infants in all of the groups, none of the differences 
between the control and the experimental groups was statistically sig- 


TABLE 4 
EFFECT or ASYMMETRICAL TONUS AND SomesTHETIC PRESTIMULATION 
ON THE PERCENTAGE OF HEAD-TURNING RESPONSES 


% of head-turning responses 


Group N Mean SD 
Control 13 44.8 P. г 
"Tonus 14 63.8 dr Eo 
Somesthetic right 14 d 2 р 
Somesthetic left 15 62. 3 
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nificant (Dunnett test). Similarly, although infants in each of (he ex- 
perimental groups made more ipsilateral responses to both rig! and 
left stimulation than did infants in the control group (Table 5), only the 
increases in response to stimulation of the right in the tonus : right 
somesthetie groups approached significance (p < .10, Dunnett tests). 
In both the tonus and right somesthetic groups, the increase in ipsilateral 
responsiveness to stimulation of the right was greater than that to 


stimulation of the left as evidenced by the finding of significantly more 
ipsilateral responses to right than to left stimulation in the tonus group 


(t = 2.33, р < .05) and a tendency in this direction in the some=thetic 
right group (t= 1.77, р < .10). In the somesthetie left and control 
groups, no lateral differences in ipsilateral responding were found. Thus, 
other randomly selected groups of infants treated as were the in/ants 
in the tonus and somesthetic right groups are likely to exhibit a lııteral 
difference in ipsilateral head-turning responses whereas infants tented 
ав were those in the somesthetie left group are not likely to exhibit a 
lateral difference. 

Since it was possible that any effect of the experimental treatmeııts on 
responsiveness to somesthetie stimulation could have been diminished 
or enhanced with time, the results from the first and the third blocks of 
test trials were compared with respect to lateral differences in responding. 
There was no indication of a time trend inasmuch as the data froin the 


third block of trials were not found to differ from those of the first block 
of trials for any of the groups (¢ tests for dependent samples). 

Tn view of the small number of male infants in each of the four groups, 
no meaningful analysis of sex differences in the effects of the various 
experimental conditions was possible. However, in none of the groups 


3 TABLE 5 
FFECT OF ASYMMETRICAL Tonus AND SoMEsTHETIC PRESTIMULATION 
ON THE PERCENTAGE OF IPSILATERAL, HEAD-TURNING RESPONSES 


% of ipsilateral head-turning responses 
to test stimulation 


G 1 
Toup of both sides of the right of the left 

Control Mean 87.8 37.7 37.0 
8р 25.69 7 

5. DI 26. 
"Tonus Mean 53.5 59 s E 4 
х Mee SD 26.11 28.1 25.6 
omesthetic right Mean 57.1 61. 5 52 у 7 

SD 30 | 30. 
Somesthetic left Mean 53 | e я f i h 4 
SD 26.30 24.4 29.4 
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were the data from any of the male Ss markedly different from those 
o! the female Ss. 


DISCUSSION 


The results of the present study indicate that asymmetry either of 
muscle tonus or of somesthetie prestimulation produces a general increase 
in head-turning responses to subsequent somesthetic stimulation which is 
a reflection of increases in ipsilateral responses to stimulation of both 
‘he right and the left cheek. Moreover, asymmetry of muscle tonus and 
prestimulation of the right cheek result in a lateral difference in ipsilateral 
responding. That this lateral difference is due to a greater effect of the 
tonus and somesthetie right treatments on the side primed than on the 
other side is evidenced by the finding that both asymmetrical tonus and 
prestimulation of the right cheek resulted in significantly more ipsilateral 
head turns to stimulation of the right than to stimulation of the left 
whereas when neither of these factors were present (in the control group), 
по systematic lateral difference in ipsilateral responding was found. 

Although the results indicate that both the tonus and the somesthetic 
right treatments affected the subsequent lateral differentiation of the 
infants studied, the relatively high interindividual differences among 
babies raises the question of the likelihood with which the same lateral 
differences would be found in other randomly selected groups of infants 
comparably treated. The finding of a significant difference in the fre- 
quency of ipsilateral responses to stimulation of the right and of the left 
in the tonus group and of a tendency (p < .10) in this direction in the 
somesthetie right group even when interindividual differences were taken 
into account, suggests that similar differences are likely to be obtained 
in other randomly selected samples of infants comparably treated. How- 
ever, sinee in neither group were all of the infants more responsive to 
stimulation of the right than of the left, the existence of two types of 
infants is suggested, those whose lateral differentiation is, and those whose 
lateral differentiation is not affected by treatment. > 

In view of these findings, it seems likely that both asymmetrical muscle 
tonus and prestimulation of the right cheek contribute to the $n cei 
occurring lateral differences in ipsilateral responsiveness although bot! 
need not operate in all infants and indeed there might be some infants 
(or circumstances) in which neither is operative. T 

To determine whether the effects of asymmetry of muscle tonus an 
of prestimulation of the right cheek must summate or interact with Ten 
other to produce the degree of lateral differentiation which occurs when 
both faetors are simultaneously present, the results of the current rd 
vestigation were compared with those of an earlier investigation (Turke- 
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witz et aL, 1967) in which the infant’s spontaneous head-right posture 
was not interfered with. Since the mean percentage of lateral differences 
obtained following the latter condition in which both factors were present 
was not significantly different (Ё tests) than the mean percentages of 
lateral differences when only one or the other was present, there is no 
indieation that the effects of asymmetry of muscle tonus and of som- 
esthetic prestimulation of the right cheek either summate or interact with 
each other. 

The effects of prior somesthetie stimulation on lateral differentiation 
cannot be accounted for in terms of a simple, direct effect of immediately 
preceding input but must be viewed as a consequence of the interaction 
of the effects of lateral differences in immediately preceding input and 
the effects of another lateral difference in organization. If prior stimu- 
lation of one side were sufficient to produce greater responsiveness to sub- 
Sequent stimulation of that side than of the other side, infants pre- 
stimulated at the right side would have exhibited more ipsilateral 
responses to stimulation of the right than of the left, and infants pre- 
stimulated at the left would have exhibited greater responsiveness to 
stimulation of the left than of the right. Since prestimulation of the right 
had this effect but prestimulation of the left did not, and in fact resulted 
in slightly more ipsilateral responses to stimulation of the right than of 
the left, the hypothesis of a single determinative factor must be rejected. 
It is likely that the effects of prior stimulation of the right side summate 


with the effects of another factor which increases responsiveness on the , 


right to produce greater responsiveness to stimulation of the right than 
of the left side. The effects of prior stimulation of the left, on the other 
hand, are insufficient to counteract the effects of this factor which in- 
creases responsiveness at the right, and so a tendency for greater re- 


Sponsiveness to stimulation of the right than of the left is still manifested. 
Tt remains for future investi 


factors, on intrauterine conditions 


prior operation of precisely those f. 
we have been concerned. 
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Transfer from Perceptual Pretraining as a Function of 
Number of Task Dimensions! 


Louise S. TIGHE AND THOMAS J. TIGHE 
Dartmouth College 


Children (average age 6 years 7 months) learned au initial discrimination 
(OL) and a reversal shift (RS) with 1 dimension rclovan! and either 0, 1, 
or 2 dimensions irrelevant following pretraining which wwauired Ss to make 
same-different judgments to stimulus objects varying along the dimensions 
appearing in the transfer tasks. Pretraining did no: i performance in 
OL relative to a control condition, and performance dezraded as a linear 
function of number of irrelevant dimensions. In RS, |. ally pretrained 
and control Ss did not differ under the condition of 0 dijicnsions irrelevant, 
but with increasing amounts of irrelevant stimulation, performance of 
the control Ss deteriorated in the same manner as in OL while the per- 


formance of perceptually pretrained Ss was unaltered. 


Previous experiments have defined a set of pretraining conditions of a 
perceptual nature which produce facilitation of discrimination reversal 
learning in 5-7-year-old children (Tighe, 1965; Tighe & Tighe, 1968a). 
The major feature of the pretraining is that Ss are required to make non- 
reinforced same-different judgments to successively presented stimulus 
objects which vary along the dimensions appearing in the subsequent 
discrimination tasks. Following the conceptions of differentiation theory 
(Gibson & Gibson, 1955; Tighe & Tighe, 1966), which provided the 
impetus for these experiments, the observed facilitation is deduced from 
the assumption that perceptual pretraining increases S's ability to isolate 
and independently utilize the task dimensions. In contrast, nonpretrained 
Ss of this аре are assumed to be more likely to accomplish the initial 
discrimination and reversal on the basis of the specific stimulus object- 
reward relations in each problem. Only when S has related the relevant 
dimension, rather than the Specific objects, to reward is there a basis for 
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positive transfer to a subsequent reversal shift in the form of attention 
to the relevant feature-reward relation. This analysis implies that the 
beneficial effects of perceptual pretraining should become increasingly 
¿vident with increases in the number of nonredundant task dimensions 
since arithmetic increase in number of dimensions requires geometric 
increase in the number of stimulus objects necessary to represent the 
possible variations. The present experiment studies this issue by compar- 
ing the performance of perceptually pretrained and nonpretrained chil- 
dren on transfer tasks with 1 relevant and 0, 1, or 2 irrelevant dimensions. 


METHOD 


Subjects. The Ss were 252 first-grade children average age 6 years and 
7 months from the Hartford, Vermont, and the Lebanon, New Hampshire, 
school systems. Each S was run individually in a small room adjacent 
to his classroom. 

Pretraining. The stimuli consisted of wood blocks which varied in 
тее values of height (Ht), brightness (Br), and shape (Sh). Brightness 
was varied by covering the blocks with black (B) or white (W) enamel 
paint or with a medium gray (1 part B to 3 parts W). The Ht values were 
134 inches, 515 inches, and 614 inches, and the shapes were cylindrical 
(144-inch diameter), square (15-inch sides), and hexagonal (194 inches 
ıt maximum width). The stimuli were placed опе at а time about 15 
inehes from S who was seated opposite E at a small table. Between 
presentations all stimuli were hidden from S's view behind a nearby 
masonite screen. 

Half of the Ss were perceptually pretrained, and these Ss were further 
subdivided into three equal groups for training with either 1, 2, or 3 
variable dimensions. For Ss pretrained with variation in 3 dimensions, 
the pretraining stimuli consisted of the 27 possible combinations of the 
Ht, Br, and Sh values described above. The total presentation was 
divided into 8 subsets or series as described below. The. first stimulus 
presented within a series constituted a standard (St) stimulus. The S 
was told, “Now let’s pretend that this object is yours. Look at it carefully. 
I am going to take it away and show you some other objects one at a 
time. You tell me which of the other objects that you will see are exactly 
like yours.” As each succeeding comparison (Co) stimulus was placed in 
the stand, Æ said, “Is this object exactly like yours? mand the Аш 
remained until S had rendered a judgment of “ваше” or "different." When 
an St was presented again to begin a new series, the first pentenos of the 
instructions was changed to, “Here is your object again. e а ДА 
St was introduced, the first sentence of the instructions was, Now ШЫ 
pretend that this object and only this one is yours. Eight St stimuli 
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were used, consisting of the eight possible combinaiions of the 434-inch 
and 614-inch heights, the square and cylindrical вһар and the B and W 
brightness values. Subjects underwent one series of ( o stimulus presen- 
tations with each of the eight Sts. A series includod the 27 possible 
combinations of the three Ht, Br, and Sh values, plu- irom two to three 
interspersed reappearances of the St stimulus. 

Subjects perceptually pretrained with either 2-\imensional or 1- 
dimensional variation in the stimulus objects receive! training identical 
to that given Ss trained with variation in three dimensions with the 
exception of the stimulus objects constituting the judgment series. For 
Ss trained with 2-dimensional variation, four different Sts were used. The 
stimulus values specifying these Sts were the same «= those comprising 
the Sts used in pretraining with 3-dimensional \ rintion, but were 
selected so as to be constant in one dimension. For ‹ тре, for a given 
S the four Sts might consist of the possible combina: 1 of the 4934-inch 
and 6%4-inch heights and the B and W brightness «lues but with all 
stimuli hexagonal in shape. Across Ss, each dimensio was variable and 
held constant equally often. An S underwent two < of Co stimulus 
presentations with each of the four Sts designated ior him. A series 
comprised the nine possible combinations of the ic values of the 
dimensions allowed to vary in the representation of ihe St stimuli plus 
from one to two interspersed reappearanees of the St. Тһе dimension held 
constant in St stimulus representation was also held constant during the 
Co series and in the same manner, i.e., the same value of that dimension 
appeared during the St and Co presentation series. For the Ht and Br 


ing the Sts used in pretraining with 3-dimensional variation, but were 
selected so as to be constant in two of the dimensions. For example, for a 
-inch and 64-inch stimuli 
sion was variable and held 
eries of Co stimulus presen- 
т him. A series included the 
8 one to two interspersed 
constant during the presen- 
ant during the Co series, as 
ү -dimensional variation condition. 

The possible orders of the Sts appearing in each pretraining condition 
were randomly distributed among Ss with the restriction that for half 
the Ss the last St presented would be identieal to one of the positive 
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sti! uli in the later discrimination learning and for the other half the last 
St would be identical to one of the negative stimuli. None of the judg- 
meis were reinforced or corrected and all were based solely upon vision. 
Tho number of experiences with each Co stimulus was the same for all 


conditions of the experiment—eight experiences per stimulus. The time 
required to complete pretraining varied from about five minutes in the 
l- imensional variation condition to approximately 20 minutes in the 3- 
diriensional variation condition. 


(he Ss who did not receive perceptual pretraining (N = 126) worked 
o tasks unrelated to the subsequent discrimination problems and 
d--igned to control for nonspecific transfer effects. The tasks were 
modifications of the Picture Completion and Picture Arrangement sub- 
(15 of the Wechsler Intelligence Scale for Children. The modifications 
consisted of (a) presenting all 20 pictures in the completion test to each 
^ and (b) requiring each S to tell a story about each picture in the ar- 
rvugement test. None of S's responses in either task were corrected or 

nforeed. Training on these tasks was carried out for three time periods 
corresponding to the mean times required to perceptually pretrain Ss 
with 1, 2, or 3 variable dimensions. An equal number of control Ss were 
‘rained for each time period. 

Discrimination tasks. Immediately following pretraining all Ss learned 
^ two-choice discrimination and a discrimination reversal involving the 
dimensions appearing in pretraining. For perceptually pretrained Ss, 
these transfer tasks contained the same variable and constant dimensions 
as those appearing during S's pretraining. Thus, Ss having only one 
dimension variable during pretraining had only that same dimension 
variable and relevant during discrimination learning. Subjects who had 
two dimensions varying during pretraining had these dimensions varying 
during subsequent learning, with one relevant and one irrelevant to 
reward; and Ss pretrained with three variable dimensions had all features 
varying during learning with one relevant and two irrelevant. Dimensions 
held constant during learning were represented by the same stimulus 
value used to represent the constant dimensions during rung тів 
stimuli were presented on a simple turntable device of the type describe 
by Kendler and Kendler (1959). For Ss trained with one, two, or three 
dimensions variable, one, two, or four pairs of choice objects, respectively, 
were required to represent the possible variations; and these оше 
objeets were the St stimuli appearing in S’s pretraining. An equal num 5 
of control Ss, matched to the experimental Ss in pretraining time, Vu 
the diserimination and reversal tasks under the three conditions o 


dimensional representation. 


In each learning condition all dimensions were relevant equally often, 
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and both values of each dimension were used equally often as il; S+ 
and S—. The S was instructed to pick up one of the objects on each trial 
and was told that if his choice were correct he would find a marble ııııder 
it. The S was told that the “game” was to see how soon he could find a 
marble every time he chose. Training was continued in this manner until 
S made nine correct out of ten successive responses, at which point with- 
out change of instruction the discrimination reversal was initiated and 
carried to the same criterion. Manner of dimensional representation was 
not altered during reversal, i.e., the irrelevant dimension(s) continued 
to vary as in the initial diserimination. Throughout training the stimuli 
were presented according to a prearranged sequence designed to control 
for order and position effects. Each S was assigned to groups ail to 
positive stimuli on a predetermined random basis, All Ss trained attained 
criterion in the initial discrimination and reversal. At the end of tho ex- 
periment, S was allowed to choose a prize from an assortment «ich 
included charms, bubble gum, whistles, raisins, jack sets, Tootsie оз, 


pencils, pencil sharpeners, M & Ms, five pennies, flutes, and crayons. 


RESULTS 


The mean number of errors during pretraining on the first and last 
series of judgments were .48 and 0, 1.29 and .26, and 3.10 and .83 for Ss 
pretrained with 1, 2, and 3 variable dimensions, respectively. By « 
dent £ test, fewer errors were made on the final judgment series as 
compared to the first series in each pretraining condition. For Ss trained 
with 1, 2, and 3 dimensions variable, t — 5.58, 7.40, and 4.18, respectively; 
df — 41 in each case, and all р values <.01. i 
Table 1 presents the mean number of trials and errors to criterion in 
the original learning (OL) and in reversal shift (RS) for the major treat- 
ment groups. Factorial analyses of variance (2 X 3 3) were carried 
out on VX 5 transformed trials to criterion in both tasks. For the 


TABLE 1 
MEAN NUMBER or TRIALS AND ERRORS то CRITERION IN 
ORIGINAL LEARNING (OL) AND REVERSAL, (R) FOR THE 
MAIOR TREATMENT GROUPS 


THE 


Number of irrelevant dimensions 
Type of 0 1 


nof i 2 
Task pretraining Trials Errors Trials Errors Trials Errors 
OL Perceptual 12.0 62 21.9 10.5 31.6 15.9 
Control 9.2 4.8 26.4 13.0 294 14.9 
R Perceptual 4.7 275 5.8 3.3 4.7 3.2 
Control 6S зи 26.3 13.9 429 21.6 


TRANSFER FROM PERCEPTUAL PRETRAINING 499 


OL, the analysis revealed significant main effects for both number of 
irrelevant dimensions (F = 29.8, df = 2,234, р < .001) and for type of 
«dimension relevant (F = 3.89, df = 2,234, p < .025). Type of pretraining 
l.e., perceptual vs. control pretraining) did not approach significance 
(F < 1), nor were any of the interactions a significant source of variance. 
Trend analysis of the decline in learning speed with increase in the 
number of irrelevant dimensions was carried out on the nontransformed 
scores, This was deemed appropriate since factorial analyses of variance 
of transformed and nontransformed data yielded identical conclusions. 
The trend analysis of the performance-irrelevant dimension relation 
indicated a significant linear component only (F = 65.5, df = 1,249, p — 
001). 

In further analysis of the type of dimension variable, the data were 
combined over the remaining treatments and ¢ tests were employed to 
compare speed of learning with the different relevant dimensions. Learn- 
ing with Ht relevant was more rapid than learning with Br relevant 
(t= 2.10, df = 166, р < .05) or than learning with Sh relevant (t = 
2.72, df = 166, p < .01). Learning speed did not differ under Br relevant 
vs. Sh relevant (t = .50, df = 166, р > .60). (Probabilities are 2-tailed.) 

Factorial analysis for RS learning revealed significant main effects for 
both type of pretraining (F = 157.4, df = 1,234, р < .001) and number 
of irrelevant dimensions (F = 31.7, df = 2,234, р < .001), and а sig- 
nificant interaction between these factors (F = 62.0, df = 1,234, p< 
.001). Type of dimension relevant was not a significant condition of RS 
learning (F = 1.72, df = 2,234, р > .10), and no other interaction effects 
were signifieant. Trend analysis of the performance-number of irrelevant 
dimension function for the control Ss indicated a significant linear 
component only (F = 75.6, df —1,123, р < .001). A significant, trend 
did not appear in this relation for the perceptually pretrained Ss (F < 1). 
Duncan’s multiple comparison technique was employed to compare learn- 
ing speed among the perceptually pretrained and control groups learning 
under the conditions of 0, 1, or 2 irrelevant dimensions (designated as 
Groups PO, P1, P2, and C0, C1, and C2, respectively). Groups C0, РО, 
P1, and P2 did not differ from one another (р > .10), but all differed 
from Group C1 (p < .001) which, in turn, differed from Group C2 (p < 
001). 

Analysis of errors to criterion in OL and RS produced outcomes 
identical to those described for the trials to criterion measure. 

To summarize, then, perceptual pretraining did not affect performance 
in OL relative to the control conditions and performance degraded as a 
linear function of number of irrelevant dimensions. In RS learning, 
perceptually pretrained and control Ss did not differ under the condition 
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of 0 dimensions irrelevant, but with increasing amounts of irrelevancy 
the performance of control Ss deteriorated in the same manner as in OL 
while the performance of perceptually pretrained Ss was unaltered. 


DISCUSSION 


The fact that the RS performance of the pretrained Ss was not 
disturbed by increase in the number of irrelevant dimensions indicates 
that discriminative response in these Ss was firmly under the control of 
the relevant dimension at the start of RS. From the differentiation view- 
point (Tighe & Tighe, 1966; 1968b), this control resulted primarily from 
an inerease, through perceptual pretraining, in S's ability to detect the 
separate dimension-reward relations of the discrimination tasks, and 
secondarily from the development of attention to the relevant dimension 
during OL. When S reacts selectively to the relevant dimension in R$, 
the reversed relation between the values of this feature and reward is 
likely to be readily detected within an otherwise constant stimulus milieu, 
regardless of the number of irrelevant features. In contrast, the progres- 
sive deterioration in the RS learning of nonpretrained Ss with increase 
in irrelevant, dimensions is seen as reflecting the tendency of these Ss to 
detect only object-reward relations in the tasks. Such an inferior mode of 
discrimination might take several forms. One possibility which we have 


er, and such perceptual learning is 
f pretraining. Consequently, there is 
little reason to expect advantage from pretraining when only one 
dimension appears in the transfer tasks. Tt is true, of course, that spatial 
position of St and S— is present as an irrelevant ше in the 0 
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dimensions irrelevant condition. But the relation of this feature to the 
relevant dimension does not have the “embedded” quality which obtains 
in the relations between the various visual dimensions. 

Attentional theories of discrimination learning (e.g., Sutherland, 1959; 
Zeaman & House, 1963), which relate speed of reversal to the strength 
of S's attention to the relevant dimension, might deduce the observed 
facilitation of RS from the assumption that perceptual pretraining serves 
to focus S's attention on the task dimensions vis-à-vis other features in 
the general experimental situation. As a consequence of this altered at- 
tention, pretained Ss would be likely to have a higher probability of 
attending to the relevant dimension at the start of RS than Ss who 
undergo only OL. Under this view, the failure to find a difference between 
the RS learning of pretrained and nonpretrained Ss under the condition 
of 0 dimensions irrelevant indicates that this condition was especially 
favorable to the development of attention to the relevant dimension 
during OL itself. 

In regard to the OL, the observed linear relation between number of 
irrelevant dimensions and rate of learning is consistent with the out- 
comes of a number of studies involving similar discrimination tasks 
(Bourne & Restle, 1959). But the fact that pretraining did not facilitate 
performance under the higher degrees of irrelevant stimulation is surpris- 
ing from the viewpoint of both differentiation and attention theory, since 
the altered sensitivity to the relevant dimension which is assumed to 
underlie facilitation of RS should also obtain during the initial task. In 
discussing previous failures to observe an effect of perceptual pretrain- 
ing in 2-dimensional discriminations (Tighe & Tighe, 1968a), it was noted 
that the OL, unlike reversal, requires considerable nonspecific learning 
(e.g., the elimination of position or sequence hypotheses) as well as the 
detection of the relevant dimension, and it was suggested that pretrain- 
ing probably did not constitute an appreciable advantage in the face of 
such nonspecific learning. This argument is weakened somewhat by the 
present observation that pretraining also does not affect performance in 
а 8-dimensional OL problem, since this task presumably represents a 
significant increase over a 2-dimensional task in specific stimulus-reward 
learning relative to nonspecific learning requirements. However, a more 
rigorous test of the hypothesis should be made. One possibility would be 
to give Ss, prior to perceptual pretraining, a series of discriminations 
involving dimensions other than those appearing in pretraining. In this 
manner, the Ss should begin the discrimination following pretraining 
having mastered the “rules of the game,” and their learning should be 
primarily concerned with detection of the feature-reward relations 
specific to the OL. Such Ss should learn the discrimination following 
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perceptual pretraining more rapidly than Ss who rc 
crimination tasks but who are not perceptually pretrai 


ive the prior dis- 


ied. 
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Cue Novelty and Training Level in the Discrimination 
Shift Performance of Retardates! 


LINDA Birskv* AND Lap W. HEAL? 
George Peabody College for Teachers 


"This study assessed the effects of cue novelty and training level on the at- 
tention of moderately retarded adults. Each S learned a problem, to one of 
three training levels, with his nonpreferred dimension relevant and his pre- 
ferred dimension irrelevant. А subsequent shift problem, employing either 
familiar or novel cues on S's preferred dimension, allowed two alternative 
solutions, (а) a reversal based on S's nonpreferred dimension or, (b) an extra- 
dimensional shift based on 85 preferred dimension. Ss used more extra- 
dimensional shift solutions in the presence of novel cues than in the presence 
of familiar cues, This effect was absent at the highest training level. 


Recently, the role of attention in the diserimination learning of men- 
tally retarded individuals has become an issue of considerable importance. 
Zeaman & House (1963, p. 188) have proposed that “retardates suffer 
from low initial probability of observing certain relevant dimensions 
rather than from poor ability to learn which of two observed cues is cor- 
rect.” Consequently, it may be possible to improve the discrimination per- 
formance of mentally retarded individuals through the manipulation of 
factors influencing attention, The present study investigated two of these 
factors, (a) cue novelty and (b) training level. 

The introduction of novel stimulus materials has facilitated perform- 
ance in a variety of situations. Cantor and Cantor have repeatedly ob- 
served faster response speeds and longer fixation times for novel, as 
opposed to familiar, stimulus lights and pictures (G. Cantor & J. Cantor, 
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1964, 1965, 1966; J. Cantor & С. Cantor, 1964a, 1964b). Other investiga- 
tors (Zeaman, House, & Orlando, 1958) have reported that the introduc- 
tion of either positive or negative novel cues significant ly improved the 
performance of retarded Ss who had failed to learn a discrimination 
problem within 250 trials. Guy, Van Fleet, & Bourne (1966) found 
better extradimensional shift performance when a novel relevant dimen- 
sion was introduced at the time of shift than when this dimension was 
present, but irrelevant, during the preshift problem. These and similar 
findings suggest that novel stimulus materials tend to elicit S's attention 
more readily and to sustain his attention for longer periods of time than 
familiar stimulus materials. 

Another factor of major interest in the present study was training 
level. It has been observed repeatedly that large amounts of training on 
a discrimination problem tend to facilitate performance on subsequent 
reversals of that problem, This phenomenon, known as the overtraining 
reversal effect (ORE), has been adequately reviewed elsewhere (Wolff, 
1967) and is probably restricted to diserimination transfer situations 
which require S to attend to the same dimension in both problems. Large 
amounts of training generally have not facilitated extradimensional (ED) 
shifts which require S to direct his attention to a new relevant dimension. 

The present study was an attempt to explore the effecis of cue novelty 
and training level on Ss' tendencies to shift attention from one dimension 
{о another in the solution of discrimination problems. Two hypotheses 
stated that (a) tendencies to shift attention would be greater with novel 
cues than with familiar cues and (b) the effects of novelty would be ob- 
served at low levels of training but not at high levels of training. 


shift problem (Stage 3) half the subjects would receive novel cues and 
half would receive familiar cues from a dimension which had been ir- 


› current study was assigned to а pre- 
shift problem (Stage 2) in which his nonpreferred dimension was rele- 
vant and his preferred dimension was irrelevant, 
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METHOD 


Subjects 


The Ss were 72 institutionalized moderately retarded young adults 
with a mean CA of 24-10 and a mean IQ of 47.9. Equal numbers of color- 
preferring and form-preferring Ss were selected on the basis of dimension 
preference information from previous discrimination studies in which 
they had participated. Twenty-four Ss were eliminated because of illness 
or failure to reach the Stage 2 criterion, Each of the remaining 48 Ss was 
assigned to the dimension condition in which his nonpreferred dimension 
was relevant during Stage 2. Equal numbers of Ss from each of these 
groups were randomly assigned to cue novelty and training level 
conditions. 


Materials 

A two-choice discrimination apparatus was fitted with a pair of In- 
dustrial Electronics readouts (80-014R-P). These readouts projected 
2" X 2” forms onto 2” X 4” colored backgrounds with inner edges 6" 
apart. Both projectors were turned off when either panel was pressed. On 
feedback trials, the sound of a door chime indicated a correct response 
and the sound of a buzzer indicated an error. 

The stimuli, which consisted of several different color-form combina- 
tions, are described in Table 1. Each of two cues on the irrelevant dimen- 
sion was paired with the correct relevant cue on 50% of the trials and 
with the incorrect relevant cue on the other 50%. Position was counter- 
balanced and cues were presented in the same unsystematie cyclic 24- 


trial sequence to all subjects. 


Procedure 

At the beginning of his experimental session each S was instructed 
always to press the panel that rang the bell and never the buzzer. He was 
also told that although he would hear nothing on some trials, he should 
keep responding in the same way. Feedback was withheld on 3396 of 
training trials and 100% of Stage 3 test trials. 

Each session consisted of three stages. Essentially, Stage 1 was à pre- 
testing phase which was included to allow the reassessment of dimen- 
sion preference on the first trial of Stage 2. During Stage 1, a specific 
color-form compound was rewarded. As soon as S made four consecutive 
correct responses on feedback trials, he was presented with. Stage 2. 

Trial 1 of Stage 2 provided a brief reassessment of S's dimension pref- 
erence. Stage 1 color and form cues were re-paired on the first trial of 
Stage 2 forcing S to choose between the previously correct color and the 
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TABLE 1 
EXPERIMENTAL CONDITIONS AND тім iu А 
Form preferring Ss Color preferring Ss 
Novel forms Familiar forms Novel colors Familiar colors 
ci: 2 "B RE ЕГ = ay = 
Stage 1 GF CF: СЕ, CF; FC; MWC ВС FC; 
+ 29 a8 = F = er = 
Stage 2 GF: GF GF; CF, FC, ICs FCs FCs 
К my + E 1B =: sh =i 
GF, OF: GF; G:F; F;C; ЕС, БС FeO; 
zh = wd 2 19 е zl br 
(Special training) C; C: Cı Cs F Fe ү Fe 
+ = ab = d 8 Б> 
Stage 8 CF, CF, CF; GF; FC; FC, ЕС, ЕС 
0 0 0 0 0 0 0 0 
Choice trials GF, QF C.F, GF; KC, V.C, ЕС ЕС» 
С, white Fi square 
C: yellow-blue Е, square with superimposed 
cross 
C; red-amber Fi square with superimposed 
circle 
C, green Е, stai 
C; yellow ls "Xx" 
C; red Е, circle with superimposed “X”? 
* In order to aid in the interpretation of Table 1, in which numerically. subscripted 
letters represent cues and dimensions, the following example is provided: For form. 


B 
preferring Ss in the novel form condition, a white square was {he positive cue (CF) 


and a yellow-blue Square with a superimposed cross was the negative cue (CF) 
during Stage 1. 


^ Due to an apparatus failure, 3 form preferring Ss in the Noveliy group and 8 form 
preferring Ss in the Familiarity group were presented with a circle with a superimposed 


star rather than a circle with а superimposed “X”, These Ss were retained in their 
assigned conditions, 


previously correct form. His choice on this tria 

cation of his dimension preference, Durin 

on S's nonpreferred dimension was 

expected to make errors on trial Ji 
The remaining trials of Stage 2 constituted the preshift training phase 

of the present study. During Stage 2, each 

the basis of his nonpreferred dimension an 


1 was considered an indi- 
£ Stage 2 only a response based 
correct. Consequently, most Ss were 


md 
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3tage 1, a color-dominant S would have had square rewarded in Stage 2 
regardless of the color with which it was paired. The effect of dimension 
preference was supplemented by employing fairly obvious cues on S's 
preferred dimension and less obvious cues on his nonpreferred dimension. 

The Stage 2 learning eriterion depended upon the training level to 
whieh S had been assigned and consisted of either 4, 8, or 16 consecu- 
tively correct responses on feedback trials with no errors on intervening 
non-feedback trials. If S failed to reach his learning criterion within 24 
trials, special training was immediately introduced. Special training con- 
sisted of training with the relevant cues only (irrelevant cues were 
eliminated) to a criterion of 8 consecutive correct responses. If S attained 
this criterion, Stage 2 was repeated. If he again failed to reach the Stage 
2 criterion, special training was given once more followed by a third pre- 
sentation of Stage 2. Training was terminated at the first error following 
the 24th trial if S failed to reach criterion either during special training 
or his third attempt at Stage 2. 

Stage 3 was a shift problem consisting of training trials on which a 
particular color-form compound was always rewarded and test trials on 
which neither response was rewarded. On their nonpreferred dimension, 
all Ss received cues which had been present during Stages 1 and 2. How- 
ever, on their preferred dimension, half the Ss received new cues and the 
other half received cues which had been present during Stages 1 and 2. 
On training trials, Stage 2 reward contingencies were reversed with one 
cue from the Stage 2 irrelevant (preferred) dimension consistently paired 
with the new negative cue and the other consistently paired with the new 
positive cue. Thus if square had been rewarded in Stage 2, the red circle 
would be rewarded in Stage 3. Seven non-feedback test trials were inter- 
spersed among Stage 3 training trials. One test trial occurred after each 
series of three consecutive rewarded responses. On test trials, cues were re- 
paired so that S had to choose between the components of the color-form 
compound which had been rewarded on training trials. The purpose of 
the test trial was to reveal whether S continued to attend to the dimension 
which had been rewarded during Stage 2, or whether he shifted his atten- 
tion to his preferred dimension. If S made reversal responses on test trials, 
it was surmised that he was continuing to attend to his nonpreferred di- 
mension which had been relevant during preshift training (Stage 2). On 
the other hand, if S made ED shift responses on test trials, it was sur- 
mised that his attention had shifted to his preferred dimension which had 
been irrelevant during Stage 2. Because choice trials provided no feed- 
back, reward itself could not be the basis of S's choice of a reversal or an 
ED shift. After his session each S was given a nickel as a reward for 


participating in the experiment. 
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RESULTS 


Stage 1 

Experimental groups were compared in terms of number of errors on 
Stage 1 feedback trials, A 2 x 2 X 3 factorial analysis of variance with 
these data failed to reveal significant differences among groups (р > .05 
for all comparisons). 


Stage 2 

Stage 2 data were analyzed by 2 X 2 X 3 analyses of variance on Trial 
l errors as well as on overall errors on feedback trials. Twenty-one of 
the 24 Ss assigned to the color problem made errors on Trial 1, the first 
trial on which color and form cues were re-paired. However, of the ? Ss 
assigned to the form problem, only 14 made errors on Trial 1 , Which was 
significantly fewer than the number making errors on the color рго! ет, 
F(1,336) = 5.88, p < .05. The color-relevant group also made more errors 
than the form-relevant group during the rest of Stage 2, F(1,36) = 4.68, 
p < 05. These findings supported the assumption that those Ss assi ned 
to the color-relevant problem had been appropriately assigned to ‘heir 
nonpreferred dimension. However, the appropriateness of this assignment 
appeared less certain for those Ss assigned to the form-relevant problem. 

The analysis of overall errors on Stage 2 feedback trials reveale! a 


significant, difference among training level groups, F (2,36) = 3.71, ; 

05. Mean errors on feedback trials were 5.44 for the training-levc]-4 
group, 5.62 for the training-level-8 group, and 2.25 for the training-level- 
16 group. Nine Ss each at training levels 8 and 16, but only 3 Ss at train- 
ing level 4, were eliminated for failure to reach criterion. Both of these 


findings suggested that only the best learners were able to attain the more 
difficult: criterion. 


Stage 3 


A 2x2x3 factorial analysis of variance of errors on feedback trials 
during Stage 3 training failed to reveal any group differences. Test trial 


presence of novel cues than in the Presence of familiar cues on the Stage 


ences among training level groups in Stage 2 learning, F'(1,41) = 7.83, 
D < .01. A significant interaction between novelty and training level was 
obtained in the analysis of Stage 3 choice trials, F (2,36) = 3.58, p < .05. 
Comparisons of novelty groups within training levels indicated that à 
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Old: Stoge 2 irrelevant cues retained in Stage 3 
New: Stage 2 irrelevant cues replaced in Stage 3 


PERCENT SHIFT CHOICES 
8 


20 


Stage 3 cues Old New Old New Old New 


Stage 2 Criterion 4 8 16 
Fic. 1. Illustration of ED shift choices on Stage 3 test trials. 


significant novelty effect occurred only within training levels 4 and 8 
where nearly all Ss in the novelty conditions made ED shifts, F (1,36) = 
457, р < 05; F(1,36) = 5.44, p < .05. At training level 16, both the 
novelty and familiarity groups made ED shifts no more frequently than 
reversals, F (1,36) = .24, p > .05. Figure 1 illustrates the nature of this 


interaction. 
DISCUSSION 


The finding that Ss in the novelty condition made more ED shifts than 
Ss in the familiarity condition is consistent with an earlier finding re- 
ported by Heal, George, & Bransky (1965). In conditions that were 
comparable to the 8-criterion groups of the present study, they found 
that 62% of their Ss made ED shifts in the presence of novel cues on а 
preferred dimension. However, only 22% of their Ss made ED shifts in 
the presence of familiar cues on à preferred dimension. These findings 
suggest that cue novelty exerts an important influence on S's attention 
to abstract properties of stimuli. Other studies have reaffirmed the tend- 
ency for novelty to influence attention in terms of increased fixation times 
(J. Cantor & G. Cantor, 1964a, 1964b) , faster response speeds (Bogartz & 
Witte, 1966; G. Cantor & J. Cantor, 1964, 1965, 1966; G. Cantor & Fen- 
son, 1968), and facilitated learning (Guy, Van Fleet, & Bourne, 1966; 
Zeaman, House, & Orlando, 1958). 


The novelty effect was not present at training level 16. This finding is 
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consistent with the attention interpretation of the overtraining reversal 
effect. In other words, the increased amount o! : ning may have 
strengthened Ss’ tendencies to attend to the dimension which was rele- 
vant during Stage 2 so that cues on this dimensioun competed with the 
novel cues for attention. The result was chance responding with no clear 
predominance of either R or ED shifts. 

In the familiarity condition, reversals were expect to predominate. 
However, this occurred only at training level 4. It is сопссіуаЫе that as 
amount of Stage 2 training increased, strong avoidance tendencies became 
associated with the compounds which had never been rewarded during 
Stage 2. For example, if form were relevant, square may have been con- 
sistently rewarded and circle nonrewarded. If color were irrelevant both 
red circle and green circle would have been associate with nonreward on 


half the trials. House & Zeaman (1963) have « 
tarded Ss respond to stimulus compounds (i.e., red 


mstrated that re- 
cle or green circle) 


as well as to stimulus components (i.e., circle). Thu- 5- in the present 
study may have learned to avoid certain stimuli mpounds during 
Stage 2 (i.c., red circle and green circle). Thus, if rod ciclo were rewarded 
on Stage 3 training trials, S might have retained tbo i ndeney to avoid 
green circle. This tendency may have competed wiil: new tendency to 


approach circle and avoid square, resulting in chan performanee on 
choice trials, The overall results of this study empha«iz 

of attention in discrimination learning. These findi further suggest 
the possibility that learning deficits may be overcome by the use of pro- 
cedures which influence the direction and duration of «i tention. 


¢ the central role 
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Announcement 


In order to achieve greater standardization of style within journals of 
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